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FOREWORD 


Ф 


It gives me pleasure to introduce this text-book on 
Engineering Drawing by Prof. N. D. Bhatt of the Birla 
Vishvakarma Mahavidyalaya to students of engineering. 
Prof. Bhatt has been teaching this subject for over twenty 
years and has deservedly earned the reputation of being 
one of the best teachers in the subject. 


This book covers the syllabus usually prescribed for the 
Pre-Engineering and First Year of the Degree and Diploma 
courses in Engincering and deals with the fundamental princi- 
ples of this basic subject which have been treated by Prof. 
Bhatt with his characteristic lucidity. I am sure the book 
will prove a boon to students and help them to acquire a 
sound knowledge of the subject without which a really satis- 
factory progress cannot be achieved in any branch of 


Engineering. 
POONA S. B. Junnarkar, 
June 6, 1958 M.B.E., B.A., B.Sc. Hons. (Eng.), London 
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PREFACE 


From the very early days, man realized that if he had to 
construct any structure or machine correctly and methodically, 
he must first record his ideas before starting construction work. 
These recorded ideas become more vivid and forceful if they are 
shown on paper in form of a drawing of the structure or machine. 
Such a drawing will be of very great help to the man who looks 
after the construction of this structure or machine. 


Indeed, ‘technical drawing is the language of engineering’. With- 
out the good knowledge of drawing, an engincer is nowhere and 
he could not have constructed the various magnificent structures 
or intricate machines. Evidently, any one, connected in any 
way, with engineering construction must understand this language 
of engineers. Technical drawing 1s, therefore, indispensable to-day 
and shall continue to be so as long as engineering and technology 
continue to be of use in the activities of man. 

By means of drawing, the shape, size, finish, colour and 
construction of any object (no matter how complex) can be 
described accurately and clearly. The engineer should develop 
his skill, in two phases of technical drawing; first, he must be 
able to draw clearly and rapidly, the freehand technical sket- 
ches; secondly, he must be proficient in drawing to scale the 
instrumental drawing. The purpose of the present volume is to 
give the basic principles of the instrumental drawing only. 

The book covers the syllabii in drawing of many University 
Colleges and Polytechnics in India and has been written keeping 
in view the difficulties of a beginner in the subject of Engineer- 
ing Drawing. I am quite hopeful that this book will serve its 
purpose very well for young and budding engineers. 

I am highly indebted to Principal S. B. Junnarkar for his 
valuable guidance and for his kindness to write a suitable fore- 
word for the, book. I am also thankful to Prof. V. B. Priyani 
of Birla Vishvakarma Mahavidyalaya for going through the 
initial manuscript and for offering constructive suggestions. 
Finally, I feel grateful to the following: 

(i) The authorities of the Universities of Bombay, Poona 
and Gujarat, and the Department of Technical Education, Bom- 
bay, for their kind permission to include a few questions set at 
their examinations. (ii) Mr. N. M. Panchal and Mr. M. D. 
Bhatt for thcir help in preparing pencil sketches. (i3) Mr. 


, 
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L. D. Bhatt for preparing the excellent typed manuscript. 


(iv) Mr. Ramanbhai C. Patel of Charotar Book Stall for careful 
proof-reading and for his efforts to see the book out - proper 
time. (v) The Anand Press authorities for the care an и est 
shown in the printing and get-up of this book. (vi) The гар at 
Process Studio for the promptness and good work of block-making. 


Any suggestion to improve the value of this book will be 
gratefully received and will be incorporated in subsequent editions 
of this book after due scrutiny. 

. June 30, 1958 N. D. Bhatt 


PREFACE TO THE SIXTH EDITION 


Suggestions for inclusion of chapters on Perspective Projection 
and Conversion of Pictorial Views into Orthographic Views were 
received from many quarters. These two chapters have been 
incorporated in this edition. Construction of Comparative scales, 
Vernier scales and Scale of chords has also been added in the 
chapter on Scales. 


The author is indebted to Shri P. A. Soni, B. Arch., Lecturer 
in Civil Engineering, B. V. Mahavidyalaya, for his constructive 
and valuable suggestions on the chapter on Perspective Projection. 

The book was completely converted from British system to 
Metric system of length measurement in its fifth edition. The 
same has been continued. Approximate values of centimetres in 
inches have been given side by side, but within brackets. ‘Inches 
to millimetres’ conversion table is given at the end of the book for 
exact conversion. 
March 3, 1965 N. D. B. 


PREFACE TO THE SEVENTH EDITION 


In this edition, third- jecti 1 
ah Du ЕА zi aee | projection has been introduced 
Construction of two more curves, 
spiral has been added in the chapter o 
practice.’ 
“Alekhan” 
Vallabh Vidyanagar 
August 7, 1966 


viz. Evolute and Logarithmic 
n ‘Curves used in engineering 


N. D. B. 
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Drawing instruments are used to prepare drawings easily 
and accurately. The accuracy of the drawings depends 
largely on the quality of instruments. With instruments 
of good quality, desirable accuracy can be attained with 
ease. It is, therefore, essential to procure instruments of as 
superior quality as possible. 

Below is the minimum list of drawing instruments and 
other drawing materials which every student must possess: 


Drawing board 

T-square 

Set-squares — 45° and 30°-60° 
Instrument box, containing: 


12 e Be m 


(i)  Large-size compass with inter-changeable pencil 
and pen legs 

(ii) Large-size divider 

(11) Small bow pencil 

(iv) Small bow pen 

(v) Small bow divider 

(vi) Lengthening bar 

(vii) Inking pen 


5. Scale 

6. Protractor 
7. Drawing paper 

8. Pencils 

9. Rubber eraser 
10. Drawing pins 

11. Sand-paper block 
12. Duster. 
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Drawing board (fig. 1-1): Drawing board is rect- 
angular in shape and is madc of strips of well-scasoned soft 
wood about 2:5 cm (1”) thick. It is cleated at the back by 
two battens to prevent warping. One of the edges of the 
board is used as the working edge, on which the T-square is 
made to slide. It should, therefore, be perfectly straight. 
In some boards, this.edge is grooved throughout its length 
and a perfectly straight ebony edge is fitted inside this groove. 
This provides a true and more durable guide for the T-square 
to slide on. 





Fic. 1-1 


Drawing board is made in various Sizes. 
depends upon the size of the drawing paper to 


The kinds and measureme 
generally used are given below: 
Kind 
Half-imperial size 
Imperial size 
Double-elephant size 
Antiquarian sizc 


Its selection 
be used. 


nts of the drawing boards 


Measurement 
60 cm x 40 cm (23" x 16") 
90 cm x 60 cm (81" x 23”) 
105 cm x 75 cm (49" x 29") 
140 cm X 85 em (54^ x 33) 


ao Be BS 
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DRAWING INSTRUMENTS AND THEIR USES 3 


For use in schools and colleges, the first two sizes are 
more convenient. Large-size boards are used in drawing 
offices of engineers and engineering firms. 


The drawing board is placed on the table in front of 
the student, with its working edge on his left side. It is 
more convenient if the table-top is sloping downwards 
towards the student. If such a table is not available, the 
necessary slope can be obtained by placing a suitable block 
of wood under the distant longer edge of the board. 


T-square (fig. 1-2): The T-square should be of hard- 
quality wood. It consists of two parts — the stock and the 
blade —joined together at right angles to each other by 
means of screws and pins. The stock is placed adjoining 


„2 
^ 
* 2 
» 





Fic. 1-2 


the working edge of the board and is made to slide on it as 
and when required. The blade lies оп the surface of the 
board. Its distant edge which is generally bevelled, is used 
as the working edge and hence, it should be perfectly straight. 
The nearer edge of the blade is never used. The length 
of the blade is selected so as to suit the size of the drawing 
board. 


The T-square is used for drawing horizontal lines. 
The stock of the T-square is held firmly: with the left hand 
against the working edge of the board, and the line is drawn 
from left to right as shown in fig. 1-3. The pencil should 
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4 ELEMENTARY ENGINEERING DRAWING 


be held slightly inclined in the direction of the line (i.e., Lo 
the right) while the pencil point should be as close as possi- 





Fic. 1-3 


ble to the working edge of the blade. Horizontal parallel 
lines are drawn by sliding the stock to the desired positions. 
The working edge of the T-square is also used as a base for 
set-squares to draw vertical, inclined or mutually parallel lines. 





Fic. 1-4 


The T-square should never be used on 
the working edge of the board. It should 
on the board even when not in use. 


edge other than 
always be kept 
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DRAWING INSTRUMENTS AND. THEIR USES 9 


Testing the straightness of the working edge of the T-square: 


Mark any two points А and B (fig. 1-4) spaced wide 
apart and through them, carefully draw a line with the 
working edge. Turn the T-square upside down as shown 
by dashed lines and with the same edge, draw another line 
passing through the same two points. If the edge is defec- 
tive the lines will not coincide. The error should be recti- 
fied by planing or sand-papering the defective edge. 


Set-squares: The set-squares are made of wood, 
tin, celluloid or plastic. Those made of transparent cellu- 
loid or plastic are commonly used as they retain their shape 
and accuracy for longer time. Two forms of set-squares 
are in general use. They are triangular in shape with one 
corner in each, a right angle. The 30°-60° set-square of 
25 cm (10") length and 45° set-square of 20 cm (8^) length 
are convenient sizes for use in schools and colleges (fig. 1-5). 


1$ ———— 
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Set-squares are used for drawing all straight lines except 
the horizontal lines which are usually drawn with the 
T-square. Vertical lines can be drawn with the T-square 
and the set-square. 

In combination with the T-square, lines at 30° or 60° 
angle with vertical or horizontal lines can be drawn with 
30°-60° set-square and at 45° angle with 45° set-square. 
The two set-squares uscd simultaneously along with the 
T-square will produce lines making angles of 15°, 75°, 105° etc. 
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6 ELEMENTARY ENGINEERING DRAWING 


Parallel straight lines in any position, not very far apart, 
as well as lines perpendicular to any line from any given 
point within or outside it, can also be drawn with the two 


set-squares. ‚ 
Problem 1: 


To draw a line perpendicular to а given horizontal line from a 
given point within it. 





Fic. 1-6 


Place the T-square a little below the given line (fig. 
1-6). Arrange any one set-square with one of the edges 
containing the right angle touching the working edge of the 
T-square, and the other edge passing through the given 
point. Hold the T-square ‘and the set-square in this posi- 
tion firmly with the left hand. With the right hand, draw 
the required line through the given point in the upward 


direction as shown by the arrow. The pencil point should 


always be in. contact with the edge of the set-square. A 


4 
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DRAWING INSTRUMENTS AND THEIR USES 7 


perpendicular from any given point outside the line can 
also be drawn in the same manner.. Vertical parallel lines 
may be drawn by sliding the. set-square along the edge of 
the T-square to the required positions. 


Problem 2: 


To draw a line inclined at 45°, 30° or 60? to a given horizontal 
line from a given point. 





Fic. 1-7 Fic. 1-8 


Place the edge containing the right angle of the 45° 
set-square оп the edge of the T-square (fig. 1-7). Slide it 
so that its longest edge (hypotenuse) passes through the given 
. point and then draw the required line. The same line will 
make 45? angle with the vertical line passing through that 
point. By turning the set-square upside down, the line 
making 45? angle in the other direction will be drawn. The 
lines can also be drawn by placing the set-square so that 
its longest edge coincides with the edge of the T-square and 
the other edge passes through the given. point. А circle can 
similarly be divided into eight equal parts by lines passing 
through its centre (fig. 1-8). 

Lines inclined at 30? or 60? to a given horizontal line 





Fie. 1-10 


1 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri eS T 3 x м 
| of bm ce PLI NC NX eee m 








8 ELEMENTARY ENGINEERING DRAWING 


can similarly be drawn with the aid of a 30°-60° set-square 
(fig. 1-9). А circle may be divided into twelve equal divi- 
sions in the same manner (fig. 1-10). 

Problem 3: 


To draw a line inclined at 15? to a given horizontal line from 
a given point. 





27 
ү 


Fic. 1-11 Fic. 1-12 


Place the 30°-60° set-square with its longer edge con- 
taining the right angle, coinciding with the edge of the 
T-square (fig. 1-11). Arrange the 45° set-square with its 
longest edge on the longest edge of the 30°-60° set-square. 
Slide the 45° set-square so that one of its edges containing the 
right angle passes through the given point, and draw the 
required line. The line drawn with the other edge will make 
15° angle with the vertical line and 105° or 75° angles with 
the horizontal line. A circle may thus be divided into 24 
equal parts with the aid of the two sct-squares (fig. 1-12). 


Problem 4: 


nmi draw а line parallel to a given straight line through a given 


The line AB and the point P are given (fig. 1-13). 

Arrange an edge of a set-square coinciding with AB. 
Place the other set-square as a base for the first. Hold the 
second set-square firmly and slide the first, till its 


edge is along the point P. Draw the lin CD 
CD is the required parallel line. : а 


arranged 
rough P. 
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DRAWING INSTRUMENTS AND THEIR USES 9 

ke: 
Ву keeping the edge of the T-square as base for the set- 
square, parallel lines, long distances apart, can be drawn. 





Fic. 1-13 
Problem 5: 


To draw a line perpendicular to a given line through a point 
within or outside tt. 





Fic. 1-14 


The line PQ and the point O are given (fig. 1-14). 

Method I: Arrange the longest edge of опе set-square 
along PQ. Place the second set-square or T-square as base 
along one of the edges containing the right angle. Holding 
the base set-square firmly, turn over the first set-square so 
that its other edge containing the right angle coincides with 
the edge of the base set-square. Slide the first set-square 
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till its longest edge is on the point O and draw the required 
line АВ. 





Fic. 1-15 


Method II: (fig. 1-15): Arrange one set-square with 
an edge containing the right angle along the line РО.  Placc 
the second set-square or T-square as a base under the 
longest edge. Slide the first set-square on the second till the 
other edge containing the right angle is on the point O and 
draw the required line АВ. 


Problem 6: 


To draw a line parallel to а given straight line at a given dis- 
tance, say 1 cm from it (fig. 1-16). 





Fic. 1-16 


The line AB is given. From any poi j 
: | point P in AB, d 
a line PQ perpendicular to AB (Prob. 5). Mark a Bin 
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DRAWING INSTRUMENTS AND THEIR USES 11 


so that PR —1 cm. Through R, draw the required line 
CD parallel to AB (Prob. 4). 


Compass (fig. 1-17): The compass is used for draw- 
ing circles and arcs of circles. It consists of two legs hinged 
together at its upper end. А pointed needle is fitted at the 
lower end of one leg, while a pencil lead is inserted at the 
end of the other leg. The lower part of the pencil leg 1s 
detachable and it can be interchanged with a similar piece 
containing an inking pen. Both the legs are provided with 
knee joints. Circles upto about 12 cm (5") diameter can be 
drawn with the legs of the compass kept straight. For draw- 
ing larger circles, both the legs should be bent at the knee 
joints so that they are perpendicular to the suríace of the 
paper (fig. 1-18). [E 

As the needle is required to be inserted slightly inside 
the paper, it is kept longer than the lead point. The setting 
of the pencil-lead relative to the needle, and the shape to 
which the lead should be ground are shown in fig. 1-19. 





Fic. 1-17 Fic. 1-18 Fic. 1-19 


To draw a circle, adjust the opening of the legs of the 
compass to the required radius. Hold the compass with 
the thumb and the first two fingers of the right hand and 


\ 
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12 ELEMENTARY ENGINEERING DRAWING 


9 
place the needle point lightly on the centre, with the help 
of the left hand. Bring the pencil point down on the paper 
and swing the compass about the needle-leg with a twist of 
the thumb and the two fingers, in clockwise p direction, until 
the circle is completed. The compass should be kept slightly 
inclined in the direction of its rotation. While drawing concen- 
tric circles, beginning should be made with the smallest circle. 


Circles of more than 15 cm (6”) radius are drawn with 
the aid of the lengthening bar. The lower part of the pencil 
leg is detached and the lengthening bar is inserted in its 
place. The detached part is then fitted at the cnd of the 
lengthening bar, thus increasing the length of the pencil 
leg (fig. 1-20). For drawing large circles, it is often necessary 





Fic. 1-20 
to guide the pencil leg with the other hand. For i 
. For drawin 
small circles and arcs of less than 2-5 cm (1”) radius ind 
particularly, when a large number of small circles of the same 
diameter are to be drawn, small bow compass is used (fig. 1-21). 


Curves drawn with the compass should. be 
darkness as that of the’straight fines: It is difficult a eect 
the same amount of pressure on the lead in the compass as 
on a pencil Itis, therefore, desirable to use slightly cotter 
variety of lead (about one grade lower) in the compass than 
the pencil used for drawing straight lines, to mainta; x 
form darkness in all the lines. | pon 
Divider: The divider has two legs hi 
upper end and is provided with steel rd at S ies 
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ends, but it does not have the knee joints (fig. 1-22). In 
most of the instrument boxes, a needle attachment is also 
provided which can be interchanged with the pencil part 
of the compass, thus converting it into a divider. 





Fic. 1-21 ' Fic. 1-22 

The dividers are used (i) to divide curved or straight 
lines into desired number of equal parts, (ii to transfer 
dimensions from one part of the drawing to another part 
and (iii) to set-off given distances from the scale to the draw- 
ing. They are very convenient for setting off points at equal 
distances around a given point or along a given line. 

Small bow divider is adjusted by a nut and is very con- 
venient for marking minute divisions and large number of 
short equal distances. 


Problem 7: | 
To divide a straight line into a number of equal parts — say 3. 
The straight line AB is given (fig. 1-23). 
Set the legs of the divider so that the steel points are 
approximately $ of the length of the line apart. Step this 
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distance lightly from one end of i line, 8; А. ие те 
iv] j irecti then in 

divider first in one direction an е 

last division falls short, increase the set distance ру idm 

mately 4 of the difference by means of the nut WV, keeping 





Fic. 1-23 


the other point of the divider on the paper. If the last divi- 
sion goes beyond the end of the line, decrease the set distance 
by $ of the difference. Ке-зрасе the line, beginning from the 
starting point and, adjusting the divider until the required 
setting is obtained. 


With some practice, it will be possible to obtain the 
desired result with less trials and in short time. The trial 
divisions should be set off as lightly as possible so that the 
paper is not pricked with large and unnecessary holes. 


Any arc or a circle can similarly be divided into any 
number of equal divisions. 


Scales: The scales are madc of wood, steel, celluloid 
or plastic. They are usually 30 cm (12") in length and are 
either flat or triangular. Flat scales if more than 1-5 mm ($^ 
thick are generally bevelled at both the edges which help in 
marking measurements from the scale to the drawing paper 
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accurately. Full-size flat scale with 44" divisions on one 

edge and 4,” divisions on the other edge (fig. 1-24) or with 
: millimetre divisions on both edges is quite suitable for begin- 

ners. Various other types of scales are described in Chapter IV. ' 








Гіс. 1-24 


The scale is used to transfer the truc or relative dimen- 
sions of an object to the drawing. It is placed with its edge 
on the line on which measurements are to be marked and, 
looking from cxactly above the required division, the mark- 
ing is done with a fine pencil point. The scale should never 
be used as a straight-edge for drawing lines. ` 


C————— OR l а а А 





Fic. 1-25 


Protractor (fig. 1-25): Protractor is made of wood, 
tin or celluloid. Protractors of transparent celluloid arc in 
common use. They are flat and circular or semi-circular 
in shape. The commonest type of protractor is semi-circular, 





Sy Sis - = č E 3 
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and of about 10 cm (4^) diameter; its circumferential edge 15 
graduated to 1° divisions, is numbered at every 10? interval 
and is readable from both the ends. The diameter of the 
semi-circle (viz. straight line 0-180) is called the base of the 
protractor and its centre O is marked by a line perpen- 
dicular to it. 

The protractor is used to draw or measure such angles 
as cannot be drawn with the sct-squares. А circle can be 
divided into any number of equal parts by means of the 
protractor. 


Problem 8: 


To draw a line making an angle of 73° with a given line through 
a given point in tt. 

Let AB be the line and C the point in it. Sct the 
protractor with its base coinciding with AB (fig. 1-25) and its 
centre exactly on the point C. Mark a point D opposite 
the 73° division and join CD. Then Z ACD —73" (fig. 1-26). 


D D 
73, 73 
Fic. 1-26 


Another point D’ can also be marked against the 73° division 


reading from the other side. І : 
while Z ACD’ = 107°. n this case 7 BCD’ = 73° 


Drawing papers: Drawing papers ar j | 
many varieties. For ordinary pesci drawings Ses zs 
selected should be tough and strong. It should be anifor 
in thickness and as white as possible. When the арра 
eraser is used on it, its fibres should not disintegrate Good 
quality of paper with smooth surface should be selected for 
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drawings which are to be inked and preserved for a long 
time. It should be such that the ink does not spread. Thin 
and cheap-quality paper may be used for drawings from 
which tracings are to be prepared. 

Drawing papers are available in bundles (sheets) and 
in rolls. The rolls are 75 cm (30") to 180 cm (72") in 
width and generally 20 metres (22 yards) in length. The 
standard sizes of drawing papers and their names are given 
below: 


Kind Measurement 
Half-imperial size 56 cm x 38 cm (22" x 15”) 
Imperial size 76 cm x 56 cm (30" x 22^) 
Double-elephant size 102 cm х 69 cm (40" x 27°) 
Antiquarian size 135 cm x 79 cm (53” x 31^) 


Imperial size and halfimperial.size papers are very 
commonly used in schools and colleges. 


Pencils: The accuracy and appearance of a drawing 
depend very largely on the quality of the pencils used. 
With cheap and low-quality pencils, it is very difficult to 
draw lines of uniform shade and thickness. The grade of 
a pencil lead is usually shown by figures and lctters marked 
at onc of its ends. Letters HB denote the medium grade. 
The increase in hardness is shown by the value of the figure put 
in front of the letter H, viz. 2H, 3H, 4H ctc. Similarly, 
the grade becomes softer according to the figure placed 
in front of the letter B, viz. 2B, 3B, 4B etc. 

Beginning of a drawing should be made with H or 2H 
pencil using it very lightly, so that the lines are faint, and 
unnecessary or extra lines can be easily erased. The final 
fair work may be done with harder pencils, e.g. 3H and up- 
wards. Lines of uniform thickness and darkness can be more 
easily drawn with hard-grade pencils. 

H and HB pencils are more suitable for lettering and 


dimensioning. For freehand sketching, where considerable 


erasing is required to be done, soft-grade pencils such as 
HB should be used. 


Great care should be taken in mending the pencil and 
sharpening the lead, as the uniformity in thickness of lines 
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depends largely on this. The lead may be sharpened to two 
different nu: (i) conical point and (ii) chisel edge. The 
conical point is used in sketch work and for lettering, etc. 
With the chisel edge, long thin lines of uniform thickness can 
be easily drawn and hence, it is suitable for drawing work. 


To prepare the pencil lead for drawing work, the wood 
around the lead from the end, other than that on which the 
grade is marked, is removed with a pen-knife, leaving about 
1 cm ($") of lead projecting out, as shown in fig. 1-27(a). 
The chisel edge [fig. 1-27(5)] is prepared by rubbing the 
lead on a sand-paper block, making it flat, first on one side 
and then on the other side by turning the pencil through 
half circle. For making the conical end [fig. 1-27(c)], the 
pencil should be rotated between the thumb and fingers, 
while rubbing the lead. 





Fic. 1-27 


The pencil lead should occasionally 
S | у be rubbed on the 
sandpaper block (while doing the drawing work) to ai- 
tain the same thickness of the chisel edge or the pointed end. 


Sand-paper block: This consist 

: s of a wooden block 
about 15 cm X 5 cm x 1-2 cm thick (ОО y” thick) 
м a piece of sand-paper pasted or nailed on about half of 
us neth, аз shown in fig. 1-28. The sand-paper, when it 
Ы RA | “ae on m онаша be replaced by another 
iius block sho ways be kept withi ; 
sharpening the lead every few E. Yi 
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of eraser for pencil drawings. It should be such as not to 
spoil the surface of the paper. The frequent use of rubber 


Eraser: Soft India-rubber is the most suitable kind 
| 
| should be avoided by careful planning. 





Tic. 1-28 


Duster: Duster should preferably be of towel cloth 
larger in size than the drawing board. Before starting work, 
all instruments and materials should be thoroughly cleaned 
with the duster. The rubber crumbs formed after the use 
of the rubber should be swept away by the duster and not 
by hand. The underside of the T-square and the set-squares 
which continuously rub against the paper should be fre- 
quently cleaned. : 


Inking pen (fig. 1-29): This is 
used for drawing straight lines and 
non-circular arcs in ink. It consists of 
| a pair of steel nibs fitted to a holder 
| made of metal or ivory. Ink is filled 
between the two nibs to about 6 mm 
(1") length by means of a quill which 
4s usually fitted to the cork of the ink 
bottle. The gap between the nibs 
through which the ink flows and upon. 
which the thickness of the line depends 
is adjusted by means of the screw S. 


The pen should be kept sloping 
at about 60? with the paper in the 
direction of drawing the line and the 
ends of the nibs should be' slightly 
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away from the edge of the T-square or set-square. The 
screw should be on the side, farther from the T-squarc. 

As the ink dries rapidly, the pen should be used 
immediately after it is filled. The inside faces of the nibs 
should be frequently cleaned for the ink to flow freely and 
to maintain uniformity in thickness of lines. Ink should 
never be allowed to dry within the pen. There should be 
no ink on the outside of the nibs and hence, the pen should 
never be dipped in ink. 

For drawing large circles and circular arcs, inking 
attachment should be fitted in place of the pencil leg in 
the compass. Ink bow pens are used for drawing small circles 
and arcs. 


HOW TO BEGIN DRAWING WORK: 


General: Clean the drawing board and the T-square 
and place them on the table, with the working edge of the 
board on your left-hand side and the stock of the T-square 
attached to that working edge. Clean all other instruments 


and materials and place them on a neat piece of paper by 
the side of the board. 


| EDGE OF PAPER- 
| 








Fic. 1-30 


Pinning the paper to the drawin 

| g board: Р] 
paper at about equal distances from the top and ae 
sages of the board and one of its shorter edges at about 
‘2 cm (1”) from the working edge of the board. When 
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the paper is of a much smaller size than that of the board, 
it may be placed with its lower edge at about 5 cm (2") from 
the bottom edge of the board. Insert a pin on the left-hand 
top corner of the paper and at about 1 cm (2^) from its edges. 
Adjust the paper with the right hand, bringing its upper edge 
in line with the working edge of the T-square (fig. 1-30). 
Stretch the paper gently to make it perfectly flat and insert 
the second pin at the right-hand bottom corner. In the 
same manner, fix two more pins at the remaining corners. 
Push the pins down firmly till their heads touch the surface 
of the papcr. 

Border lines: Perfectly rectangular working space is 
determined by drawing the border lines. These may be drawn 
at equal distances of about 2 cm ($") to 2-5 cm (1") from 
the top, bottom and right-hand edges of the paper and at 
about 9:5 cm (1") to 4 ст (14”) from the left-hand edge. 
More space on the left-hand side is provided to facuitate 
binding of the drawing sheets in a book-form, if so desired. 

To draw the border lines (fig. 1-31): Mark points 
along the left-hand edge of the paperat required distances 


254 |- 





Fic. 1-31 


from the top and bottom edges and through them, draw 
horizontal lines with the T-square. Along the upper 
horizontal line, mark two points at required distances from 
the left-hand and right-hand edges, and draw vertical lines 
through them with the aid of T-square and a set-square. 
Erase the extra lengths of lines beyond the points of inter- 


section. š 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri | 





22 ELEMENTARY ENGINEERING DRAWING - 


One more horizontal line at about 2-9 cm (1") from 
the bottom border line may also be drawn and the space 
divided into three blocks in which (1) name of the institution, 
(ii) title of the drawing and (iii) name, class etc. of the 
student may be written. 


The border lines are generally drawn thicker and more 
black than all other lines. 


Spacing of drawings: When only one drawing or 
figure is to be drawn on a sheet, it should be drawn in the 
centre of the working space. For more than one figure, the 
space should be divided into suitable blocks and each figure 
should be drawn in the centre of its respective block. 


EXERCISES I 


(1) Ina half-imperial size sheet, copy fig. 1-32(a) to (g) as | 


per layout shown in fig. 1-33. 


er re Fis 


12-5 
12-5 


(a) (B) 
Fic. 1-32(а) and (b) 


| 
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Fic. 1-32(g) 
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(2) Сору fig. 1-34 (a) to (d) as per layout shown in fig. 
5. 





(c) 
- Fro. 1-34(а), (b) and (c) 
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Fic. 1-34(d) 


(d) 
I aS S | 
Frc. 1-35 


(3) Draw a circle of 7-5 cm (3") diameter. With the aid of 
T-square and set-squares only, draw lines passing through its centre, 
dividing it into (i) eight, (ii) twelve and (iii) twenty four equal parts. 


(4) Without using a protractor, draw triangles having follow- 
ing base angles on a 7:5 cm (3") long line as base: (i)75 and 15, 
(ii) 60? and 75°, (iii) 135° and 15°, (iv) 105° and 45 . 

(5) Draw a line 12-5 cm (5") long and divide it into seven 
equal parts by means of a divider. 


(6) Draw lines (using the protractor) meeting at end 4 
of a line АВ and making with it the following angles: 


97°, 49°, 115°, 151°. 


- 
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The various types of lines used in enginecring drawing 
are shown in figs. 2-1 and 2-7. 

1. Principal lines or outlines: | Lines drawn to 
represent visible edges and surface boundaries of objects 
are called outlines. In geometrical drawing, these lines 
show the final shape of the required figures. They are 
continuous lines. 














Pencil lines I x 
КОО nk lines 


2. Dotted or dashed ines Hi 
shown in a drawing by dotted lines. Tee lines x made 
Died short dashes of approximately equal lengths of about 
gama ($") and spaced at equal distances of about 1 mm (1") 
en a dotted line meets or Intersects another dotted tine 


are 
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or the outlines, their points of mecting or intersection should 
be clearly shown. 


3. Centre lines: Centre lines are drawn in the 
centres of figures which are symmetrical on two or all the 
four sides of their centres. They are usually extended 
about 1 cm (4”) beyond the boundary of the figure. They 
are composed of alternately long and short dashes, spaced 
approximately 1:5 mm (4&") apart. The short dashes are 
about 3 mm (1") in length and the longer dashes about 6 
to 8 times the short dashes. The point of intersection 
between two centre lines must be clearly indicated. 


4, Dimension lines: These lines are continuous 
but broken at a suitable place with sufficient gap for inserting 
dimensions. They are terminated at the outer ends by 
pointed arrow-heads, partly filled-in and touching the out- 
lines or extension lines. 

5. Extension lines: These are continuous lines. 
A gap of about 1-5 mm (7") is kept between these lines and 
the outlines of the drawing. Thcy extend by about 3 mm 
(4”) beyond the dimension lines. 

6. Construction lines: These lines are drawn for 
constructing drawings and they are shown in geometrical 
drawings only. They are continuous lines. 

7. Section lines: These are continuous lines inclined 
at 45? and spaced uniformly about 1-5 mm ($) apart. 

9. Cutting-plane lines: The location of a cutting 
plane is shown by a linc made up of alternately a long dash 
and two short dashes in the ratio of about 8 : 1, the short 
dashes being approximately 3 mm (2") long, with uniform 
gap of about 1:5 mm (7°) between them. 

9. Border lines: These are continuous lines thicker 
than the outlines of a drawing. | 


THICKNESS AND SHADE OF LINES: | 
In pencil drawings all lines are drawn thin. The outlines 


should be intensely black and they should form an outstanding 
feature on any drawing. The dotted lines should be black 


and all the other lines grey. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri КЫРЕ ы E 
* : саг ^ E MC TT ^ 








28 ELEMENTARY ENGINEERING DRAWING 
In ink-drawings, the outlines arc. drawn DE dotted 
lines of medium thickness and all the other lines thin, the 


ratio of their thicknesses being 3 : 1-5 : 1. 

In this book, in addition to the above lines, other lines 
made up of alternately a dash and a dot, or a dash and two 
dots ctc. have been drawn in some figures, merely to distin- 
guish them from other lines. 

Lettering: Writing of titles, dimensions, notes and 
other important particulars on a drawing is called lettering. 
It is an important part of a drawing. However accurate 
and neat a drawing may be drawn, its appearance is spoiled 
and sometimes, its usefulness is impaired by poor lettering. 
Lettering should, therefore, be done properly in clear, legiblc 
and uniform style. It should be in plain and simple style 
so that it could be done freehand and speedily. Use of draw- 
ing instruments in lettering takes considerable time and 
hence, it should be avoided. Efficiency in the art of letter- 
ing can be achieved by careful and continuous practice. 


Single-stroke letters: "These arc the simplest forms 
of letters and are usually employed in most of the enginecring 
drawings. The word single-stroke should not be taken to 
mean that the letter should be made in one stroke without 
lifting the pencil. It actually means that the thickness of 
the line of the letter should be such as is obtained in one 
stroke of the pencil. The horizontal lincs of letters should 


be drawn from left to right and vertical or inclined lines, 
from top to bottom. 


Single-stroke letters are of two t i 
EE : ypes: (1) vertical 
and (ii) inclined. Inclined letters lean to и 2 the 
slope being 673? with the horizontal. The size of a letter is 


described by its height. The ratio ; : 
; ' of heigh d 
but in case of most of the letters it is 6:55 t to width varies 


еш is generally donc in capital letters, Different 
jm of letters are used for different purposes. The main 
His: ae generally written in. 1 cm ($^) to 1-9 cm (1^) i 
M A > es in 3 mm (1^) to 6 mm (2^) size, while notes, dimen- 

gures etc. in 3 mm (1^) to 4 mm (5 ) size. In dimen- 


sion figures, the overall he; i ep ros 
that of the es height of the fraction 1s kept twice 
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Fig. 2-2 shows single-stroke vertical capital letters and 
figures with approximate proportions. . 





Fic. 2-3 


Single-stroke inclined capital letters and figures are 
shown in fig. 2-3. The lower-case letters are usually used 


‘in architectural drawings. V ertical and inclined lower-case 


alphabets are shown in fig. 2-4 and fig. 2-5 respectively. The 
width of the majority of letters 1s equal to the height. 





Fie. 2-4 


i j >, size, shade 
hould be uniform in shape; slope, size, shad 
and а The shape and slope of every letter should 
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be uniform throughout a drawing. | For maintaining unifor- 
mitv in size, thin and light guide-lines may first be drawn, 
and lettering may then be done between them. Ihe shade 
of every letter must be the same as that of the outlines of 
drawings, i.c., intensely black. The spacing between two 










амаз es 0А 0 

















Fic. 2-5 


letters should not necessarily be cqual. The letters should 
be so spaced that they do not appear too close together or 
too much apart. Judging by thc eye, the back-ground arcas 
between the letters should be kept approximately; equal. 
The distance between the words must be uniformtand at 
least equal to thc height of thc letters. | 


= 11 SE БЕБЕУ N A 8 pelo eee I 
КА ТРИ See. \шш SESS шшшшшш/: 
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<8 SBS SSS BEES Sweets) Bee 
ЛИШША N | Шышшйшш шшшшшш чп 
SERRE Seema) 
иш Sees eee. eo 
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Lettering should be so donc as can be 
| ‘a b read fi 
front with the main title horizontal. АЦ AER i 


close to the respective views. 
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Lettering, except the dimension figures, should be underlined 
to make them more prominent. 


Gothic letters: Stems of single-stroke letters, if given 
more thickness, form what are known as gothic letters. 'Тһезс 
are ‘mostly used for main titles of ink-drawings. The outlines 
of thé letters are first drawn with the aid of instruments and 
then filled in with ink. The thickness of the stem may vary 
from + to 4 of the height of the letters. Fig. 2-6 shows the 
alphabet and figures in gothic with thickness equal to 4 of 
the height. 


Dimensioning: The technique of dimensioning is 
described in detail in the book “Machine Drawing" by this 
author. А few important points, useful in dimensioning 
the geometrical figures, are given below (fig. 2-7): 


OUTLINE SECTION LINE 


I--— 75 245 DOTTED LINE E: е 
1 











Ea — EL 
DIMENSION LINE EXTENSION LINE 


Fic. 2-7 


(i) Dimensions should be placed outside the views 
except when they are clearer and more easily readable inside. 


(ii) Dimension lines should not cross each other. 
(iii) Dimensions should not be shown between dotted 
lines as far as possible. 


(iv) Dimension ! 
(1") from the outlines and from one another. 


(v) Arrow-head should be pointed and filed in. It 
d its maximum width 


h. The arrow-head is drawn 


should be about 3 mm (1^) long an 
should be about 4 of its lengt 
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frechand. with two strokes made in the direction of the point 
and the space between them neatly filled up. 

(vi) Dimension figures are inserted in the break provi- 
ded in the dimension lines. They are usually placed per- 
pendicular to the dimension lines, and in such a manner 
that they can be read from the bottom or right-hand side. 
The dividing line of fraction is drawn in line with the 
dimension line. 


EXERCISES II 


(1) Write freehand, in single-stroke (i) vertical capital 
letters and (ii) inclined capital letters of 3 mm (1^) height, the 
following paragraph from page 29: ; 


“АП letters should. ........... height of the letters." 


(2) Write freehand, in single-stroke vertical lower-case letters 
of 3 mm ($") height, the following paragraph from page 28: 
непе em Kiting о... practice.” 


. (3) Write free-hand, the paragraph stated in Ex. (2) in 
single-stroke inclined lower-case letters of 3 mm (1^) height. 


(4) Print in gothic letters of 1-3 1") he; Ae 
Tur obs NT height, the titles of 
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In this chapter, we shall deal with problems on geometrical 
construction which are mostly based on plane geometry and 
which are very essential in the preparation of engineering 


drawings. 
BISECTING A LINE: 
Probiem 1: 


To bisect a given straight line (fig. 3-1). 


С c 
E 
90° S 
Д Е ^ Р 
D 
Fic. 3-1 Fic. 3-2 


Let AB be the given line. With centre A and radius 
greater than half AB, draw arcs on both sides of АВ. 

With centre В and the same radius, draw arcs intersecting 
the previous arcs at C and D. Draw a line joining C and D 
and cutting АВ at E. 

Then, AE = EB = ЗАВ. Further, CD bisects AB at 


right angles. 


Problem 2: 

To bisect a given arc (fig. 3-2). 

Let AB be the arc drawn with centre O. Adopt the 
same method as shown in Problem 1. The bisector CD, if 
produced, will pass through the centre O. 


A 
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PERPENDICULARS: 


Problem 3: 
To draw a perpendicular to а given line from a point within 
it (fig. 3-3). 





(2) 0 
Fic. 3-3 


(a) When the point is near the middle of the linc. 


Let АВ be the given line and P the point in it. With 
P as centre and any convenient radius R,, draw an arc 
cutting AB at C and D. 


With any radius R, greater than К, and centres C and 
D, draw arcs intersecting each other at О. 


Join P and О. Then PO is the required perpendicular. 
(b) When the point is near an end of the line. 


Let АВ be the given line and P the point in it. 


Method 1: With any point Ó as centre, and radius 
equal to OP, draw an arc greater than the semi-circle, 


cutting АВ at G. Draw a line joining C and О, and produce 
It to cut the arc at 0. 


Join P and Q. Then PQ is the required perpendicular. 


Method II: With P as centre and a 
draw an arc cutting AB at С. 

With the same ra 
- divisions GD and DE. 
centres D and E, draw 


пу convenient radius, 


dius, cut (from the arc) two equal 
Again with the same radius and 
arcs intersecting each other at Q. 


Join P and Q. "Then РО, is the required perpendicular. 
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Problem 4: 


: To draw a perpendicular to.a given line from а point. outside 
it (fig. 3-4). ' 


O 





(a) l (b) 
Fic. 3-4 ` 


(a) When the point is nearer the centre than the end 
of the line. 


Let AB be the given line and P the point. With centre 
P and any convenient radius, draw an arc cutting AB at 
C and D. 

With any radius greater than half CD and centres С and 
D, draw arcs intersecting cach other at E. Draw a line 
joining P and E and cutting АВ at Q. 

Then PQ is the required perpendicular. 

(b) When the point is nearer the end than the centre 
of the line. 

Let AB be the given line and P the point. 

With centre A and radius equal to AP, draw an arc EF 
cutting AB or. AB-produced, at C. 


With centre C and radius equal to GP, draw an arc 
cutting EF at D. Draw а line joining P and D and intersecting 
AB at Q. Then PQ is the required perpendicular. 
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PARALLEL LINES: 
Problem 5: 


To draw a line through a given point, parallel to а given straight 
line (fig. 3-5). 





Fic. 3-5 Fic. 3-6 


Let AB be the given line and P the point. 


With centre P and any convenient radius, draw an arc 
CD cutting AB at E. 


With centre Е and the same radius, draw an arc 
cutting AB at F. 


With centre E and radius equal to FP, draw an arc to 
cut CD at Q. 


Draw a straight line through P and Q. Then this is 
the required line. 


Problem 6: 


To draw a line parallel to and at a 


. given distance from a given 
straight line (fig. 3-6). 


N 
Let AB be the given line and R the given distance. 


| Mark points P and Q on AB, as far apart as convenient. 
With P and Q as centres and radius equal to R, draw arcs 


on the same side of AB. Draw the line CD, just touching 
the two arcs. 


CD is the required line. 
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DIVISION OF LINE: 
Problem 7: 


To divide a given straight line into any number of equal parts 
(fig. 3-7). 





Fic. 3-7 


Let AB be the given line to be divided into say, seven 
equal parts. 

Draw a line AG of any length inclined at some convenient 
angle to AB-(preferably an acute angle). 

From A and along AC, cut off with a divider seven 
equal divisions of any convenient length. Join B and 7. 

With the aid of two set-squares (Prob. 4, Ch. I) draw 
lines through 1, 2, 3 ete. parallel to B7, intersecting AB 
at points 1’, 2’, 3’ etc., thus dividing it into seven equal parts. 
ANGLES: 
Problem 8: 


To bisect a given angle (fig. 3-8). 





| B E C 
Fic. 3-8 
Let АВС be the given angle. 
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With В as centre and any radius, draw an arc cutting 
AB at D and BC at E. 

With centres D and Е and the same or any convenient 
radius, draw arcs intersecting at F. Draw a line joining B 
and F; BF bisects the angle ABC, ie, / АВЕ = Z ЕВС. 
Problem 9: 


To draw a line inclined {о a given line at an angle equal to a 
given angle (fig. 3-9). 


P F Q О D B 
Fic. 3-9 


Let PQ be the given line and АОВ the given angle. 


With O as centre and any radius, draw an arc cutting 
ОА at C and OB at D. With the same radius and centre 
P, draw an arc EF cutting PQ at F. 


With F as centre and radius equal to CD, draw an arc 
cutting the arc EF at С. 


Draw a line through P and G; PG is the required linc. 
Problem 10: 
To trisect a given right angle (fig. 3-10). 
A 


/ 


B E С 
Fic. 3-10 
Let ABG be the given right angle, | 


\ 
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With centre B and any radius, draw an arc cutting 
AB at D and BC at E. 


With the same radius and centres D and E, draw arcs 
cutting the arc DE at points P and Q. Draw lines joining 
B with P and Q; BP and BQ trisect the right angle ABC. 


Thus ZABP = ZPBQ = ZQBC —$ Z ABC. 
ARCS OF CIRCLES: 
Problem 11: 
To find the centre of a gwen arc (fig. 3-11). 
E 


О 
Fic. 3-11 
Let АВ be the given arc. 
In АВ, draw two chords CD and EF of any lengths. 


Draw perpendicular bisectors of CD and EF intersecting 
at O. Then O is the required centre. 





Fic. 3-12 


Problem 12: 


To draw an arc of a given radius, touching a given straight 
line and. passing through a given point (fig. 3-12). 
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Let AB be the given line, P the point and R the radius. 
Draw a line GD parallel to and at a distance equal to R from 
AB (Prob. 6). | 

With P as centre and radius equal to R, draw an arc 
cutting СР аг О. 

With О as centre, draw the required arc. 


Problem 13: 
To draw an arc of a given radius touching two given straighi 
lines at right angles to each other (fig. 3-13). 





Fic. 3-13 
Let AB and AC be the given lines and Ё the given radius. 


With centre A and radius equal to R, draw arcs cut- 
ting AB at P and AC at Q. 


With P and Q as centres and the same radius, draw 
arcs intersecting each other at O. 


With О as centre and radius equal to R, draw the 
required arc. 





Fic. 3-14(а) 


Problem 14: 


To draw an arc of а given radius touchin ] | 
| g two given straight li 
which make any angle between them [figs. 3-14(a) and 33 14 ( by. 
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Let АВ and AC be the lines and R, the radius. Draw 
a line PQ parallel to and at a distance equal to R from AB. 
Similarly, draw a line EF parallel to and at a distance equal 
to R from AC, intersecting PQ at O. With О as centre and 
radius equal to R, draw the required arc. 





Fic. 3-14(5) 
Problem 15: 

To draw an arc of a given radius touching a given arc and a 
given straight line. 

Case I [fig. 3-15(a)]: Let AB be the given line, CD the 
given arc drawn with centre О and radius equal to R,, and Р, 
the given radius. 

With О as centre and raidus equal їо (А, — В), draw 
an arc ЁЁ. 





Гс. 3-15(a) 


Draw a line parallel to and at a distance equal to R, 
from AB and intersecting EF at a point P. 

With P as centre and radius equal to Ry, draw the 
required arc. 
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Gase II [fig. 3-15(5)]: Let AB be the given line, CD 
the given arc drawn with centre О and radius equal to R}, 
and R, the given radius. 





Fic. 3-15(0) 


With О as centre and radius equal to (А, + Rə), draw 
an arc EF. Draw a line parallel to and at a distance equal 
to R, from AB and intersecting EF at a point P. 


With P as centre and radius equal to Rə draw the 
required arc. 


Problem 16: 


То draw an arc of a given radius touching two given arcs 
(fig. 3-16). 





III 
Fic. 3-16 i 


Let AB bc the given arc drawn with centre О and radius 


equal to Ау; CD the arc drawn with centre P 'adi 
equal to К», and R, the given radius. : vibe 
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Саз I: With О as centre and radius equal to (A, + Rs); 
draw an arc EF. With P as centre and radius equal to 
(Ra -+ Кз), draw an arc intersecting EF at a point 0. 

With Q as centre and radius equal to Rs, draw the 
required arc. 

Case П: With О as centre and radius equal to (А, — R3); 
draw an arc EF. 

With P as centre and radius equal to (R, -+ R5), draw 
an arc intersecting EF at a point Q. 

With Q as centre and radius equal to R,, draw the 
required arc. 

Case ПТ: With О as centre and radius equal to (Р, — £4), 
draw an arc EF. 

With P as centre and radius equal to (R4 — Rə), draw 
an arc intersecting EF at а point 0. 

With Q as centre and radius equal to R,, draw the 
required arc. 
Problem 17: 


To draw an arc passing through three given points mol in a 
straight line (fig. 3-17). 


А О 
Fic. 3-17 
Let 4, B апа C be the given points. 


Draw lines joining B with А and C. 
Draw perpendicular bisectors of АВ and BC intersecting 5 


cach other at а point 0. 
With О as centre and radius equal to OA or OB or OC, 


draw the required arc. E 
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Problem 18: 


To draw a continuous curve of circular arcs passing through 
any number of given points not in a straight line (fig. 3-18). 





O 
Fic. 3-18 


Let A, B, C, D and E be the given points. 
Draw lines joining A with B, B with C, C with D etc. 


Draw perpendicular bisectors of АВ and BC intersecting 
at O. With O as centre and radius equal to OA, draw an arc 
ABC. Join О and C. Draw perpendicular biscctor of CD 
intersecting OC or OC-produced, at P. 


With P as centre and radius equal to PC, draw an arc 
CD. Repeat the same construction. Note that the centre 
of the arc is at the intersection of the perpendicular bisector 
and the line, or the line-produced, joining the previous centre 
with the last point of the previous arc. 


EQUILATERAL TRIANGLES: 
Problem 19: 


To construct an equilateral triangle, oi j Р 
(fig. 3-19). gle, given the length of the side 


(a) With T-square and set-square only. 
With T-square, draw a line АВ of given length. 


With 307-60? set-square and T-square, dr 
through 4 making 60? angle with ds рс. а аце 
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Similarly, through В, draw а line making the same angle 
with АВ and intersecting the first line at C. 


Then ABC is the required triangle. 





B A B 


(a) (b) 
Fic. 3-19 


(b) With the aid of a compass. 

With centres А and В and radius equal to АВ, draw arcs 
intersecting each other at C. 

Join C with 4 and В. 

Then ABC is the required triangle. 


Problem 20: 
To construct an equilateral triangle of a given altitude (fig. 





А R P TB AR P T 8 


(a) (b) 
Fic. 3-20 


(а) ` With T-square and set-square only. 
With the T-square, draw a line АВ of any length. 
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LT —— GEAR 


From a point P in АВ, draw with a set-square, the vertical 
PQ, equal to the given altitude. 

With T-square and 30°-60° set-square, draw lines through 
О, on both sides of and making 30° angles with PQ and 
cutting AB in R and 7. | 

Then QRT is the required triangle. | 

(b)‘ With the aid of a compass. 

Draw a line AB of any length. 

At any point P in AB, draw the perpendicular PQ equal 
to the given altitude (Prob. 3). 


With centre Q, and any radius, draw an arc intersec- 
ting PQ at C. With centre С and the same radius, draw 
arcs cutting the first arc at E and F. 


Draw bisectors of CE and CF to intersect AB at R and | 
T respectively. Then QRT is the required triangle. | 


SQUARES: 
Problem 21: | 
To construct a square, length of a side given (fig. 3-21). 


(Е Е Е 





А В 


(а) X b 
Fic. 3-21 e) 


(a) With T-square and set-square only. 


a the T-square, draw a line AB equal to the given 
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At A and B, draw verticals AE and BF. Draw a line 
AC inclined at 45° to AB, cutting BF at C. Draw a line BD 
inclined at 45° to АВ, cutting AE at D. Join C with D. 


Then ABCD is the required square. 
(b) With the aid of a compass. 


Draw a line AB equal to the given length. At A, 
draw a line AE perpendicular to АВ. 


With centre А and radius АВ, draw an arc cutting AE 
at D. With centres B and D and the same radius, draw arcs 
intersecting at С. Draw lines joining C with В and D. 


Then ABCD is the required square. 
REGULAR POLYGONS: 
Problem 22: 


То construct a regular polygon, given the length of its side. 


Let the number of sides of polygon be seven. 
УЕ 





Fic. 3-22 
Method I (fig. 3-22): 

Draw a line АВ equal to the given length. 

With centre A and radius AB, draw a semi-circle BP. 


With a divider, divide the semi-circle into seven equal 
parts (same as the number of sides). Number the divi- 
sion-points as 1, 2 etc. starting from P. 


Join A with the second division-point 2. 
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(a) Draw perpendicular bisectors of A2 and АВ inter- 
secting each other at O. | 

With centre О and radius 04, describe a circle. 

With radius AB and starting from B, cut the circle at 


points C, D......2. | | 

Draw lines BC, GD etc. thus completing the required 
heptagon. 

(b) With centre B and radius AB, draw an arc cut- 
ting 46-produced at C. With centre C and the same radius, 
draw an arc cutting A5-produced at D. 

Find points E and F in a similar manner. Draw lines 
BC, CD etc. and complete the heptagon. 


Method II (fig. 3-23): 


E, 





Fic. 3-23 


Draw a line AB equal to the given length. 

At B, draw a line BP perpendicular and equal to АВ. 
Draw a line joining A with P. 
With centre B and radius AB, draw the quadrant AP. 


Draw the perpendicular bisector of АВ to inter 
line AP in 4 and the arc AP in 6: с 


_ А square of a side equal to AB can be inscribed in the 
circle drawn with centre 4 and radius 44. 
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A regular hexagon of a side equal to AB can be inscribed 
in the circle drawn with centre 6 and radius A6. The mid- 
point 5 of the line 4-6 is the centre of the circle of radius 
A5 in which a regular pentagon of a side equal to AB can 
be inscribed. 


To locate centre 7 for the regular heptagon of side AB, 


step-off a line 6-7 equal to the line 5-6. 


With centre 7 and radius equal to A7, draw a circle. 
Starting from B, cut it in seven equal divisions with radius 
equal to AB. 


Draw lines BC, CD etc. and complete the heptagon. 
Regular polygons of any number of sides can be drawn 
by this method. 
Alternative method: 


On AB as diameter, describe a semi-circle. With either 
A or B as centre and AB as radius, describe an arc on the 
same side as the semi-circle. Draw a perpendicular bisector 
of AB cutting the semi-circle at point 4 and the arc at point 6. 


Obtain points 5, 7, 8 etc. as shown in Method II. 


SPECIAL METHODS OF DRAWING SOME REGULAR POLYGONS, 
GIVEN THE LENGTH OF A SIDE: 


Problem 23: Pentagon. 

Method I (fig. 3-24): Draw a line AB equal to the 
given length. 

With centre A and radius AB, describe a circle-l. 


With centre B and the same radius, describe a circle-2 
cutting сігсіе-1 at C and D. . 


With centre C and the same radius, draw an arc to cut 
circle-1 and circle-2 at Е and F respectively Draw a 
perpendicular bisector of the line AB to cut the arc EF at С. 


Draw a line EG and produce it to cut circle-2 at P. 
Draw а line FG and produce it to cut circle-1 at R. 


With P and R as centres and 4B as radius, draw arcs 
intersecting each other at Q. 
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: Draw lines BP, РО, QR and RA, thus сошріенав the 
‘pentagon. 





Fic. 3-24 . 


Method II (fig. 3-25): Draw a line AB equal to the | 
given length. | 





Fic. 3-25 


Bisect AB in a point С. 
Draw a line BD plows and equal to AB. 





CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


| 





‘GEOMETRICAL ‘CONSTRUCTION 51 


: . With centre C and radius CD, draw:an arc to intersect 
AB-produced at E. Then’ АЕ is:the:length of the yos 
of the pentagon. . ' 


Therefore, with centre А aad radius AB, draw.an arc 


intersecting the arc drawn with centre В and. radius ДЕ, at R. 


Again with centre А and radius AE, draw an arc inter- 
secting the arc drawn with centre В and radius ‘AB’ ‘at P. 


With centres A and B and radius 48 draw. arcs inter- 


secting- each other: at О. 


Draw lines BP, PQ, QR and КА, thus completing the 
pentagon. 


Problem .24: 
Hexagon (g. 3- 26) 





“Fic, `8°064 Юю 


(a) With T-square and 30°-60° set-square only. 
Draw a line AB equal to the given. length. 


:;From. A, draw lines Al апа 42 making .60°-and. АТ 
е respectively with AB. 
: From. B, draw lines B3 and. B4 making 60° and 200 
angles respectively with АВ. 


- From.0.the point of intersection of Al sag B3, draw 
R line parallel:to: AB-and intersecting A2. at F and. B4 at C. 


From F, draw a line parallel to BC and: intersecting B3 
at E. tiae 
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From C, draw a line parallel to AF and intersecting 
Al at D. Draw a line joining E and D. 

Then AB....F is the required hexagon. 

(b With any point O as centre and radius equal to 
the given length, draw a circle. 


With the same radius and starting from any point on 
the circle, set off six divisions on the circle. 


: Join the division-points in proper sequence and complete 
the hexagon. T 
Problem 25: 
To inscribe a regular octagon in a given square (fig. 3-27). 





Fic. 3-27 ` 


Draw the: given square ABCD. 


at O 


і 


With centre А and radius А0, draw an arc cutting AB 


at 2 and AD at 7. 


Similarly, with centres B, C and D and the same radius, 
draw arcs and obtain points 1, 3, 4-etc. as shown.” ; 


- Draw lines 2-3, 4-5, 6-7 and 8- 
Octagon. 
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REGULAR POLYGONS INSCRIBED IN CIRCLES: 
Problem 26: 


To inscribe a regular polygon of any number of sides, say 5, 
in a given circle (fig. 3-28). ` 





Fic. 3-28 


With centre O, draw the given circle. 


Draw a diameter АВ and divide it into five equal parts 
(same number of parts as the number of sides), and number 
them as shown. 


With centres А and В and radius. AB, draw arcs inter- 
secting each other at P. 


Draw a line P2 and produce it to meet the circle at C. 
` Then AC is the length of the side of the pentagon. Star- 

ting from C, step-off on the circle, divisions CD etc. equal to 
AC. Draw lines CD, DE etc., thus completing the pentagon. 
Problem 27: 

To inscribe a square in a given circle (fig. 3-29). 

With centre O, draw the given circle. 

Draw diameters АВ and CD perpendicular to each other, 
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Draw lines АС, CB, BD and DA, thus шшш the 
square. 





Fic. 3-29 | 
Problem 28: 
To inscribe a regular pentagon in a given circle (fig. 3-30). 





"i eee а 3 Fic. $30 
> With. centre 0, :draw the given ER 


Draw diameters AB and CD perpendicular to each 


other. Bisect 40 in a point Р. ' With centre P and radius 
РС, draw ап arc cutting OB in Q. 


With centre C and radiis CQ, а an are cuti 
circle in E and F. ; Q, draw an EIC сш the 
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With centres E and F and the same. radius, draw arcs 
cutting the circle in G and H respectively. 


Draw lines CE, ЕС, СН, HF and FC, thus completing 
the required pentagon. | 


Problem 29: 


To inscribe a regular hexagon in a given circle (fig. 9-31). 





(a) (b) 
Fic. 3-31 


Apply the same method as shown in Prob. 24(b): 


Note: 


(a) When two sides of the hexagon are required to be horizontal, the 
starting point for stepping off equal divisions should be on an end 


of the horizontal diameter. mm 
(b) If they are to be vertical, the starting point should be on an end 


of the vertical diameter. 
In either case, the points should be joined with the 
aid of a T-square and 30°-60° set-square, to avoid inaccuracy. 


Problem 30: ES 
To: inscribe a regular heptagon in а given circle (fig. 9-32). 
With centre О, draw the given circle. 

Draw a diameter AB. With centre A and radius 40, 

draw an arc cutting the circle at Е and F. 

Draw a line EF, cutting АО in G. 
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Then EG or FG is the length of the side of the heptagon. 


Therefore, from any point on the circle, say A, step-off 
divisions equal to EG, around the circle. 


Join the division-points and obtain the heptagon. 





Fic. 3-32 


Problem 31: 


To inscribe a regular octagon in a given circle (fig. 3-33). 


With centre О, draw the given circle. Draw diameters 
AB and CD at right angles to each other. 


Draw diameters EF and GH bisecting angles AOC and 
COB. Draw lines AE, EC etc. and complete the octagon. 


REGULAR FIGURES ABOUT A GIVEN CIRCLE WITH THE AID 
OF T-SQUARE AND SET-SQUARES ONLY: : 
Problem 32: 


To describe an equilateral triangle about a given circle (fig. 3-34). 
With centre O, draw the given circle. 
cal radius OA, 


' Draw radii OB and OC with a 30°- 
that Z AOB = Z АОС = 190°. 


At A, B and C, draw tangents to the circle, i.e., a horizontal 
line EF through 4, and lines FG and GE through B and C 
respectively with a 30°-60° set-square. 


Draw a verti- 


60° set-square, such 
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Then EFG is the required triangle. 





Fic. 3-34 Fic. 3-35 
Problem 33: 

To draw a square about a given circle (fig. 3-35). 

With centre O, describe the given circle. Draw dia- 
meters AB and CD at right angles to each other as shown. 

At A and B, draw vertical lines, and at C and D, draw 
horizontal lines intersecting at E, F; G and H. 

EFGH is the required square. 





(a) Fic. 3-36 (b) 


Problem 34: | is 
To describe a regular hexagon about a. given circle [fig. 3-36(a)]. 


/ 
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With centre O, draw the given circle. Draw horizontal 
diameter АВ, and diameters CD and EF making 60° angle 
with АВ. >` . 

Draw tangents at all the six ends, i.e., verticals at 4 and 
B, and lines with a 309-60? set-square at the remaining points, 
intersecting at 1, 2..6. 

' А hexagon with two sides horizontal.can be drawn by 
drawing a vertical diameter 4B and the other lines as shown 
in fig. 3-36(/). E 


Problem 35: 


To describe а regular octagon about а given circle (fig. 3-37). 





Fic. 3-37 


With centre O, describe the given circle. Draw a hori- 
zontal diameter AB, a vertical diameter CD and diaméters 
EF and GH at 45? to the first two. Draw tangents аё: (һе 
im points A, B...... H intersecting one another at 1 

9. Then 1, 2,......:8 is the required octagon. 
TANGENTS: 


Problem 36: 


ы 
- 


To d be dá E 
2:38, 0 аташ а tangent to a given circle at any point on it (fig. 
With centre 0, draw the 


Rue given circle and mark a point 
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— -Draw a line joining. 0. and: P. нес ОР 1 to. R BO 
that P О = ОР. і СЕ 





Fro. 3-38 


With centres О and Q and with any convenient radius, 
g aw arcs intersecting each other at R. Draw a line through 
P and R. Then this line is the require pepe 


Problem 37: 


. То draw а tangent t to, a giom. aah from any point, бн, 7; 
(Вг. 3-39): a | | po 


ч. 





Fic. 3-39 ` УЫ ж. чт 


With centre О, draw the given circle. “Mark a point 


P outside it. 
Draw a line joining O and P.. With. ӨР as diameter, 


X. Draw a 
d semi-circle-cutting the given circle at 
UR P^ and Rs Then this lineis the- required 
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tangent. The line through P апа: R’ is the other tangent 
which can be drawn from the same point. 


Problem 38: 


To draw a tangent to a given arc of inaccessible centre at any 
point on it (fig. 3-40). 





| Fic. 3-40 
Let АВ be the given arc and P the point on it. 


With centre P and any radius, draw arcs cutting the 
arc АВ at C and D. Draw EF, the bisector of the arc CD. 
It will pass through P. Through Р, draw ММ perpendicular 
to EF. ММ is the required tangent. 


*+ 


Problem 39; LER 6054 
To draw a common tangent to two given circles of equal radii 

(fig. 3-41). | о : п теа 
Draw the given circles with centres О and Р. 

(a) External tangents: ` 
Draw а line joining О and P. At О and P. erect 


perpendiculars to OP on the same side of it and intersecting 


the circles at A and B. Draw a line th 
This liné is the required tangent. согд 


| A'B’ is the other tangent. 
(b) Jnternal tangents: 
Draw a line joining O and P. „Bisect OP in R. Draw 


a. semi-circle with OR as diameter to cut the circle at A. 
ith centre R and radius RA;“draw an arc to Intersect 
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the other circle on the other side of OP at B. Draw a line 
through 4 and B. This line is the required tangent. 





(b) 
Fic. 3-41 | 
The other tangent through A’ and B can also be simi- | ES 
larly drawn. | a Ды} tue а | 
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Problem 40: :: TOR Yr ie EE VUE =a fono a | 
To draw a common tangent to two given circles ‘of unequal radii | 


(fig. 3-42). 





iÀ 
. Tie. 3-42(6) 


‘xi Drawithe givenicircles with centres.Q.and. Р. апа radii 
iUt SOMIGUUS With céntres.O.and P, arid radii 
Кү and R, respectively, of which R, is greater than, Wu in! 
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(a) External tangents [fig. 8-42(a)]-.—. : . - 
Draw a line, joining centres О and Р. With centre O 
and radius equal to (R, — Е); draw a circle. . = | 
From Р, draw a tangent PT: to this'circle (Prob. 37). 
"Draw а line OF and produce it; to cut the outer: circle at 
A. Through P, draw a line PB parallel to OA, on the 


same side of OP and cutting the circle at B. Draw a line 
through А and B. Then this line is the required tangent. 


The other:similar.tangent will pass through A’ and B”. 
(b) Internal tangents [fig. 3-42(5)]: | 


Draw a line joining the centres О and P. ` With centre, 


О and radius equal to (Р, + Rə), draw a circle. From 
P, draw a line PT tangent to this circle. Draw a line OT 
cutting the circle at A. Through P, draw a line PB parallel 
to OA, on the other side of OP and cutting the circle at B. 
Draw a line through A and B. Then this line is the required 
tangent." The second tangent will pass through A’ and В'. 


LENGTHS OF ARCS: 


Problem 41: ...' - X | 
a To determine the. length:of-a given атс (fig. 3-43). 
и з av». mA ror 7 RY, i - D 





OV кезесе 
Fic. 3-43 


Let AB be the given arc drawn with centre О. +1 
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At А, draw a tangent to the arc. Draw the chord AB 
and produce it beyond 4 to a point C such that AC = 4 AB. 
With centre C and radius equal to CB, describe an arc cut- 
ting the tangent at D. Then the length AD is approximately 
equal to the length of the arc AB. This method is satis- 
factory for arcs which subtend at the centre, angles smaller 
than 60°. 


Problem 42: 


To determine the length of the circumference of a given circle 
(fig. 3-44). 





Fic. 3-44 


Let the circle with centre O be given. 


Draw a diameter AB. At A, draw a tangent AC equal 
to 3 times AB. Draw a radius OD making an angle of 30° 
with OB. From D, draw a line DE perpendicular to OB. 
Draw a line joining E and C; then EC is approximately equal 
in length to the circumference of the circle. 


CIRCLES AND LINES IN CONTACT: 
Problem 43: 


To draw a circle passing through a given point and tangent. 


to a given line at a given point on it (fig. 3-45). 
A point P and a line AB with a poin 
t 

At Q, draw a line perpendicular to "AB. 
_ Draw a line joining P and 
bisector of PQ to intersect the 


Q in it are given. 


Q. Draw a perpendicular 
perpendicular from Q at O. 


4 
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With centre О and radius ОР or 00, draw the required 
circle. 


p 


A 
Fic. 3-45 
Problem 44: 


To draw a circle passing through a given point and touching 
a given circle at а given point on it (fig. 3-46). 





Frc. 3-46 


A point P, a circle with centre А and a point Q on the 
circle are given. l 

Draw a line joining P and Q. Draw a perpendicular 
bisector of PQ, to intersect the line through A and Q at О. 
With centre O and radius OP, draw the required circle. 


The required circle includes the given circle when the 
point is in a position such as P'. 
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Problem 45: 
To draw a circle to touch a given line and a given circle at a 
given point on it (fig. 3-47). 





Fic. 3-47 


А line AB, a circle with centre C and a point P on the 
circle are given. : 

From P, draw a tangent to the circle intersecting АВ 
in D. 

(a) Draw a bisector of / PDB, to intersect a line 
through C and P at О. 

With centre O and radius OP, draw the required circle. 

(b) Draw a bisector of / PDA to meet a line through 


C and P at O'. Then O’ is the centre of another circle which 
will include the given circle within it. 


Problem 46: ` 
_ To draw a circle to touch a given circle and a given line at a 
given pont on. tt (fig. 3-48). 


_ A circle with centre C and a line AB with a point P in 
it are given. . 


Through С, draw a line perpendi 
cutting the circle in E or F, perpendicular to AB and 


(a) Draw a line joining P and F and intersecti 
. @ ecting the 
circle in G. At P, draw a perpendicular to АВ intersecting 
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the line through C and С at О. With centre O and radius 
OP, draw the required circle. 





Frc. 3-48 


(b) Draw a line through P and E and obtain centre 
O' for another circle in the same manner. It will include 
thc given circle within it. 


Problem 47: 


To draw a circle touching two given circles, one of them at a 
given point on it [figs. 3-49(a) and 3-49(d)]. 





Fic. 3-49(a) 


Circles with centres A and B, and a point P on the circle 
A are given [fig. 3-49(a)]. 


c A 
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Draw a line joining А and P. Through B, draw a linc 
parallel to АР and intersecting the circle in C. 


Draw a line PC and produce it (if necessary) to cut the 
circle (with centre B) in D. 


Draw a line through D and В to intersect AP or AP- 
produced, at 0. With centre О and radius OP, draw the 
required circle. 





Fic. 3-49(b) 


Fig. 3-49(6) shows circle-(1) which includes опе of 


ы given circles, and circle-(2) which includes both of 
em. 


INSCRIBED CIRCLES: 
Problem 48: 


To inscribe a circle in a given triangle (fig. 3-50). 


. Let ABC be the triangle. Bisect any two angles by 
lines intersecting each other at O. Draw a perpendicular 
from O to any one side of the triangle, meeting it at P. 
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With centre O and radius OP, describe the required 
circle. 


С 


Fic. 3-50 
Problem 49: 


To draw a circle touching three lines inclined to each other but 
not forming a triangle (fig. 3-51). 


D 





Fic. 3-51 Fic. 3-52 


Let AB, BC and AD be the given lines. | 
Draw bisectors of the two angles intersecting each other 
at O. . 
From О, draw a perpendicular to any one line inter- 


secting it at P. 
With centre O and radius OP, draw the required circle. 
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Problem. 50: 


To inscribe a circle in a regular polygon of any number of sides, 
say a pentagon (fig. 3-52). 


Let ABCDE be the pentagon. Bisect any two angles 
by lines intersecting cach other at O. 


From 0, draw a perpendicular to any one side of the 


pentagon cutting it at P. With centre О and radius OP, , 


draw the required circle. 
Problem 51: 


To draw in a regular polygon, the same number of equal circles 
as the sides of the polygon, each circle touching one side of the poly- 
gon and two of the other circles (fig. 3-53). 


m 





Етс. 3-53 Fic. 3-54 


Let ABCD be the given square. Draw bisectors of all 
the angles of the square. They will meet at O, thus divi- 
ding the square into four equal triangles. 


In each triangle inscribe a circle (Prob. 48). Each 


circle will touch a side of the squ үү ; 
: are and \ 
as required. q two other 'circles 


Fig. 3-54 shows five equal circl 


; OW es inscribed in a regular 
pentagon in:a similar manner. oe 


4 
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Problem 52: 


To draw in a regular polygon, the same number of equal circles 
as the sides of the polygon, each circle touching two adjacent sides of 
the polygon and two of the other circles (fig. 3-55). 


E D 





Fic. 3-55 


Let ABCDEF be the given hexagon. 

Draw the perpendicular bisectors of all the sides of the 
hexagon. They will meet at О and will divide the hexagon 
into six equal quadrilaterals. ui 

Inscribe a circle in cach quadrilateral as shown in case 
of A 1 О 2 and as explained below. 

Bisect any two adjacent angles with bisectors intersecting 
at P. 

From P, draw a perpendicular to any one side of the 
quadrilateral, meeting it at О. With centre P and radius 
PQ, draw one of the required circles. 


Draw other circles in the same manner. 


Problem 53: ! 3. - 
To draw in a given regular hexagon, three equal circles, each 
touching one side and two other circles (fig. 3-56). 


Draw the given hexagon. ae 
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Draw perpendicular bisectors of its two alternate sides, | 
to intersect each other at O and to meet the middle side | 
produced on both sides at 1 and 2. | 





Fic. 3-56 | 


Inscribe a circle in triangle O12. Similarly, draw the 
other two required circles. 


Problem 54: 


To draw in а given circle, any number of equal circles, say four, 
each touching the given circle and two of the other circles (fig. 3-57). 


— ee  À о — gg 7 == 


e: oitan ла 





Fic. 3-57 


—————— JL: 


Divide the 
АВ and CD. 


Draw a tangent to the circle at D. Dr i isecti 
. aw lines bisectin 
ZLAOD and / BOD and meeting the tangent at 1 and 2. 


Inscribe a circle in the triangle O 1 9. 


given circle into four equal parts by diameters 


ўы Ит» S pics РУ Ба вада imas ert dati T 





CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


GEOMETRICAL CONSTRUCTION 73 


Draw the other circles in the same manner. Тһе centres 
for the remaining circles may also be determined by drawing 
a circle with centre O and radius OP to cut the diameters 
at the required points. 


Probiem 55: 


To draw outside a given regular polygon, the same number of 
equal circles as the sides of the polygon, each circle touching one side 
and iwo of the other circles (fig. 3-58). 





Fic. 3-58 


Let ABCDE be the given pentagon. Draw bisectors 
of two adjacent angles, say ZA and ./ B and produce them 


outside the pentagon. 


Draw a circle touching the extended bisectors and the 
side АВ (Prob. 49). Obtain the other four required circles 
in the same manner. 


" Problem 56: 


To draw outside a given circle any number of equal circles, say 
six, each touching the given circle and two other circles (fig. 3-59). 


Draw the given circle and describe a regular hexagon 
about it. 
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Draw the required six equal circles outside the hexagon 
as shown in the previous problem. 





Fic. 3-59 


EXERCISES III 


(1) Draw a line 12-5 cm (5") long and quadrisect it. 

(2) Draw a line АВ 8 cm (4") long and divide it into five 
parts, one of them 2 cm (1^) long and the remaining each 1:5 cm 
(2") long, by the method of bisection. 

(3) With centre O and radius equal to 5 cm (2"), draw two 
arcs of any lengths on opposite sides of О. Bisect the two arcs 
and produce the bisectors till they meet. 

(4) Draw a line AB 7-5 cm (3") lon 

g. At B, erect a perpen- 
dicular BC 10 cm (4^) long. Draw a line joining 4 and C, and 
measure its length. Construct a Square on each line as a side. 

(5) Draw a line PQ 10 cm (4") long. At any point О in it 
near its centre, erect a perpendicular OA 6:5 cm (21") long. 
Through А, draw a line parallel to PQ. 3 


(6) Mark any point 0. D ] i 
dU dta M Р Es an a line AB, such that its shortest 
z Construct a rectangle of sides 6-5 cm (24") and 4 cm (14”) 
Draw a line AB 7.5 cm (3^) | (C 
: 2 ong. Mark a point C, 
6-5 cm (24°) from A and 9 cm (347) fom B Join C wite Чаш 


B. Through the points A, B and 
"gees 2 G, d 1 : E 
and (ii) parallel to their opposite lin S aes QU) трева цас 
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(9) Construct a square of 7-5.cm (3") side. Draw the 
diagonals intersecting at О. From О, draw lines perpendicular to 
the sides of the square. 

(10) Draw a circle of 5 cm (2") radius. Divide it (i) into 
8 equal parts by continued bisection and (ii) into 12 equal parts by 
bisection of a line and trisection of a right angle methods. 

(11) Draw two lines AB and AC making an angle of 75*. 
Draw a circle of 2-5 cm (1^) radius touching them. 

(12) Construct a right angle PQR. Describe a circle of 
2 cm ($") radius touching the sides PQ and QR. 

(13) Draw a line AB of any length. Mark a point O at a 
distance of 2-5 cm (1^) from АВ. With О as centre, draw a circle 
of 4 cm (11°) diameter. Describe another circle (i) of 2 cm (1^) 
radius, touching the circle and AB; (ii) of 3-5 cm (1 ”) radius, 
touching 4B and the circle, and including the circle within it. 

(14) Draw two circles of 2 cm (2") and 3 cm (12^) radii 
respectively with centres 6-5 cm (23^) apart. (i) Describe a third 
circle of 5 cm (2") radius touching the two circles and (a) outside 
them; (b) including 2 cm ($") circle; (с) including 3 cm (12^) 
circle. (ii) Describe a circle of 7-5 cm (3") radius, touching both 
circles and including both of them within it. 

(15) Mark points А and В, 5 cm (2") apart. Mark a third 
point 7-5 cm (3") from both 4 and B. Describe a circle passing 
through the three points. 





а Fic. 3-60 


(16) Draw the machine handle shown in fig. 3-60. All dimen- 
sions are in millimetres. 
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(17) The distance between the centres of two circles of 
6:5 cm (24”) and 9 cm (3}”) diameters, is 12 cm (42^). Draw an 
internal and an external common tangent to the two circles. 


(18) Draw a circle with centre O and radius equal to 3 cm 
(14”). From a point P, 7-5 cm (3") from O, draw a line joining 
P and О, and produce it to cut the circle at Q. From P апа Q, draw 
tangents to the circle. 

(19) Two shafts carry pulleys of 90 cm (3’) and 135 cm (4) 
diameters respectively. The distance between their centres is 
270 cm (9’). Draw the arrangement showing the two pulleys 
connected by (i) direct belt (ii) crossed belt. Take 1 mm = 2 cm 
(1" = 14’). 

(20) An arc AB, drawn with 5 cm (2") radius subtends an 
angle of 45° at the centre. Determine approximately the length of 
AB. 


(21) Determine the length of the circumference of a 7-5 cm 
(3") diameter circle. 


(22) A point P is 2-5 cm (1^) from a line АВ. Q is a point in 
AB and is 5 cm (2”) from P. Draw a circle passing through P and 
touching АВ at 0. 


(23) The centre О of a circle of 3 cm (12^) diameter is 2:5 cm 
(1") from a line AB. Draw a circle (i) to touch the given circle 
and the line АВ at a point P, 5 cm (2") from О; (ii) to touch АВ 
and the given circle at a point Q, 2 cm ($") from AB. 


(24) Two circles of 4 cm (11^) and 5 cm (2") diameters 
have their centres 6 cm (23") apart. Draw a circle to touch both 
circles and (i) to include the bigger circle, the point of contact on 
it being 7-5 cm (3") from the centre of the other circle; (ii) to 
mE both the circles, the point of contact being the same as 
in (1). 

(25) Construct an equilateral triangle АВС of 4 cm (11^) 


side. Construct a square, a regular 
: А pentagon and . X: 
on its sides АВ, BC and CA осор а regular hexagon 


(26) Construct a regular pent N R 
eeaeee aad een of 3 cm (14°) side by 


(27) On a line AB 4 cm (12^ 


long, const : 
heptagon by two different iod ) long, construct a regular 
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(28) Construct a regular octagon of 4 cm (14”) side. 


Inscribe another octagon with its corners on the mid-points of the 
sides of the first octagon. 


(29) Construct the following regular polygons in circles of 
1 0 cm (4") diameter, using a different method in each case: 
(1) Pentagon (ii) Heptagon. 

(30) Draw the following regular figures, the distance bet- 
ween their opposite sides being 7:5 cm (3"): (i) Square (ii) Hexa- 
gon (iii) Octagon. 

(31) Construct a regular octagon in a square of 7:5 cm (3") 
side. 

(32) Describe a regular pentagon about a circle of 10 cm 
(4") diameter. 

(33) Construct a triangle having sides 2-5 cm (1"), 3 cm (12") 
and 4 ст (11) long. Draw three circles, cach touching one of 
the sides and the other two sides produced. 


(34) Inscribe a circle in a triangle having sides, 5 cm (2^), 
6-5 cm (21") and 7:5 cm (3") long. 

(85) Construct a regular heptagon of 2-5 cm (1^) side and 
inscribe a circle in it. 

(36) Construct a regular hexagon of 4 cm (14") side and 
draw in it, six equal circles, each touching one side of the hexagon 
and two other circles. 

(37) Construct a square of 5 cm (2^) side and draw in it, 
four equal circles, each touching two adjacent sides and two other 
circles. 

(88) In a regular octagon of 4 cm (12) side, draw four 
equal circles, each touching one side‘of the octagon and two other 
circles. 

(39) Draw a circle of 12:5 cm (5") diameter and draw in 
it, five equal circles, cach touching the given circle and two other 
circles. 

(40) Construct a square of 2:5 cm (1") side. Draw outside 
it four equal circles, each touching a side of the square and two 
other circles. | 

(41) Outside a circle of 2-5 сш (1") diameter, draw five 
equal circles, each touching the given circle and two other circles. 
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Drawings of small objects can Бе prepared of the same 
size as the objects they represent. А 15 cm (6^) long pencil 
may be shown by a drawing of 15 cm (6^) length. Draw- 
ings drawn of the same size as the objects, are called full- 
size drawings. Ordinary full-size scales are used for such 
drawings. 


Reducing and increasing scales: It may not bc 
always possible to prepare full-size drawings. They are, 
therefore, drawn proportionately smaller or larger. When 
drawings are drawn smaller than the actual size of the objects 
(as in case of buildings, bridges, large machines ctc.) the 
scale used is said to be a Reducing scale. Drawings of small 
machine parts, mathematical instruments, watches etc. are 
made larger than their real size. These are said to be drawn 
on an Increasing scale. 


Representative fraction: Тһе ratio of the drawing 
to the object is called the Representative Fraction (i.c., R.F.). 
When a 1" long line in a drawing represents 1 yard length of 
l ich 1 
1 yard 36 
the drawing will be, “4, full size.’ The R.F. of a drawing is 
greater than unity when it is drawn on increasing scale. For 
example, when a 2 mm long edge of an object is shown in 


a drawing by a line 1 cm long, the R.F. is eem = 9 
2 пип 


the object, the R.F. is equal to and the scale of 


Such a drawing is said to be drawn on scale ‘five times full-size’. 


Types of scales: Scales ma j i 

- | y be classified into threc 

main types, according to their use by different engineers: 

Де (i) Mechanical Engineers generally use full-size, half 

jene one-fourth full-size and one-eighth full-size, i.e. 
= ‚ 1 =! > 1 =1” and 1" =1" scales. Sometimes, 

i and à full-size scales are also used. For small machinc 


` 
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parts, double full-size (2" = 1") or three times full-size 
(3" = 1") scales are used. All these scales are 12” long and 
cach unit is sub-divided. 

(i) Architects have to use small R.F. for preparing 
drawings of buildings etc. The scales commonly used by 
them are 2" — 1’ and 1" = l'. For details, they use 1" = 1’ 
and i" = 1° scales. Only the first unit of these scales is 
sub-divided. | 

(111) Civil Engineers, who have to prepare survey maps, 
use very small R.F. for their drawings. Their scales are 
sub-divided throughout their lengths, in decimals, i.c., each 
inch is sub-divided into 10, 20, 30, 40, 50, 60 or 80 sub- 
divisions. | 

In metric system, the scales commonly available are of 
R.F. 1:1, 1:2, 1:5, 1:15, 1:25, 1:3000, 1:4000 etc. All 
these scales are 30 cm long and sub-divided throughout their 
lengths. 


Scales on drawings: To prepare a drawing of any 
size or R.F., a scale is essential. When the required scale is 
not readily available, it may be constructed. In actual 
practice, the scale of a drawing is mentioned on the drawing 
sheet. It may be stated in words as ‘Scale 1" = 1^ or ‘Scale 
4l full-size’ when the scale is such as is readily available. 
When an unusual scale is employed, it is constructed on the 
drawing sheet. 

To construct a scale, the following information is 
essential: 

(i) The R.F. of the scale. (ii) The units which it 
must represent; for example, feet and inches or miles and 
furlongs etc. (iii) The maximum length which it must show. 


Generally, it is not possible to draw as long a scale as to 
measure the longest length on the drawing. The scale is 
therefore, made 15 cm (6") to 30 cm (12") in.length, longer 
lengths being measured by marking them off in parts. 


Plain scales: А plain scale consists of a line divided 
into suitable number of equal parts or units, the first of which 
is sub-divided into smaller parts. Plain scales represent 
either two units or a unit and its fraction. 
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In every scale, 

(i) The zero should be placed at the end of the first 
main division, i.c., between the unit and its sub-divisions. 

(ii) From the zero mark, the units should be numbered 
to the right and its sub-divisions to the left. 

(iii) The names of the units and the sub-divisions should 
be stated clearly below or at the respective ends. 


(iv) The name of the scale, (e.g. scale, 1 inch = 1 
foot) or its R.F. should be mentioned below the scale. 


Problem 1: 


To construct a scale of ‘14 inches = 1 foot’ to show inches 
and long enough to measure upto 4 feel (fig: 4-1). 


PT See ст» | 


2 9 6 3 
INCHFS © | FEET 2 : 


R.F. =}: 
Fic. 4-1 


Draw a line, (14” x 4) or 6 inches long. 


Divide it into four cqual parts (Prob. 7, Chap. III) 
each part representing one foot. 


Mark 0 at the end of the first division and I, 2 and 3 
: feet at the ends of subsequent divisions to its right. 


Divide the first division into 12 equal parts, each re- : 


presenting 1". Mark inches to the left of 0, as shown. 


The divisions are distinguished 

| clearly by showing the 

scale as a rectangle of small width instead of only as à lind 
е division lines representing feet are drawn throughout 
the width of the Scale. The inch divisions are made con- 
redd _by УЕ the lengths of lines as shown. Тһе 
131005 are distinguished b ri i i | 
the centre of alternate deem Ge S 

To set off any distance, sa 2'-10" 
divider on 2’ mark, and the та оп 10 н 
between the ends of the two legs 


place one leg of the 
mark. The distance 
will represent 2'-10". 
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Problem 2: 


Jo construct a scale of R.F. = © to read yards and feet, and 


long enough to measure upto 5 yards (fig. 4-2). 
Length of the scale — R.F. x max. length 
] l 


= X5 = 5 yd = 3 inches. 


sas 3Y IF. EET YE 
FACE 


З geet i е ^ 


YARDS 





Fic. 4-2 


Draw a line 3 inches long and divide it into 5 equal parts. 


Divide the first part into 3 equal divisions. Mark the 
scale as shown. 


Problem 3: 


Construct a scale of R.F. = to show miles and furlongs 


1 
84480 
and long enough to measure upto 6 miles (fig. 4-3). 


a= eae 3F. 


в 6 4 2С) ! 4 
FURLONGS MILES 





em ua 
R.F. — 4480 
Tic. 4-3 


] 1 
Length of the scale = 34480 Х 6 = 14080 — miles 


= 41”. 


Draw а line 41" long and divide it into 6 equal parts. 
Divide the first part into 8 equal divisions and S the 


scale as shown. 
The distance 4m 3f is shown measured in the figure. 
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Problem 4: | 


To draw a scale of 1:60 to show metres and decimetres and | 
long enough to measure upto 6 metres (fig. 4-4). | 





DECIMETRES METRE 





fad 


Fic. 4-4 


1 1 
Length of the scale = бр * 6 = ]g metre 


= 10 cm. 


Draw a line 10 cm long and divide it into 6 equal parts. 
Divide the first part into 10 equal divisions and complete the 
scale as shown. The length 3:7 metres is shown on the scale. 


Diagonal scales: A diagonal scale is used when very 


minute distances such as 100 etc. are to be accurately mca- 


sured or when measurements are required in three units; for 
example, yard, foot and inch, or foot, inch and -1- inch. 


ло 
Small divisions of short lines are obtained by the principle 
of diagonal division, explained below. 





Fic. 4-5 


- To obtain divisions of a р] : ; à 
given short line АВ à 
of $ its length, eg. } АВ, 1 АВ, 3 AB eic ee ; 


te'i 


f 
É 
л үү A * 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 





SCALES 83 


At one end, say B, draw a line perpendicular to AB 
and along it, step-off cight equal divisions of any length, 
starting from В and ending at C. / 

Number the division-points, 1, 2, 3 etc. as shown. Join 
AC. Through the points 1, 2 ctc., draw lines parallel to AB 
and cutting AC at 1’, 2’ etc. 


It is evident that triangles C 1 1’, C 2 2'....СВА are all 
similar. 

Since C4 = 4CB, 4'4 = АВ. 

Similarly, 171 = 14B, 2'2 = 1AB ctc. 

Thus, each horizontal line becomes progressively shorter 
in length by 145. 


Problem 5: 


To construct a diagonal scale of R.F. = з showing yards, 
feet and inches and to measure upto 4 yards (fig. 4-6). 





Fic. 4-6 


Length of the scale = xy X 4 = fyd = 41". 

Draw a line AB 41" long. 

Divide it into 4 equal parts to show yards. Divide 
the first part 40 into 3 equal divisions showing fcet. 

At A, erect a perpendicular and step-off along it, 12 
equal divisions of any length, ending at D. Complete the 
rectangle ABCD. 
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Erect perpendiculars at yard-divisions 0, 1 and 2. Draw 
horizontal lines through the division-points on AD. Join 
D with the end of the first small division-point from A along 
A0 viz. 2', and through the remaining points, draw lines 
parallel to D2’. 


In ЛОЕЕ, EF represents 1 foot. 


Each horizontal line below it, diminishes in length by 
EF, Thus, the next line below EF is equal to ү, EF and 
represents ++ X 1 foot = 11 inches. 


Any length between 1” and 4 yards can be measured 
from this scale. 


To show a distance of 1 yard, 2 feet and 7 inches, place 
one leg of the divider at P, where the horizontal through 7" 
meets the vertical from 1 yard and the other leg at Q where 
the diagonal through 2' meets the same horizontal. 


Problem 6: 


То draw a scale of full-size, showing *~ inch and to measure 
upto 5 inches (fig. 4-7). 





9 enms 2 О ae 


Fic. 4-7 


Draw a line AB 5" long and divide it i 
parts. Each part will show one inch. ка чо fye cae 
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Sub-divide the first part into 10 equal divisions. Each 


division will measure 4'. inch. 


At А, draw a perpendicular to 4B and on it, step-off 
ten equal divisions of any length, ending at D. Draw the 
rectangle ABCD and complete the scale as in the previous 
problem. 


The line PQ shows 2:68 inches. 


Problem 7: 








1 
То construct a diagonal scale of R.F. = 1000 to show metres 
and long enough to measure upto 500 metres (fig. 4-8). 
1 T: 
Length of the scale = 2700 ^ 500 = 5 metre 
= 2205 CM: 
| 
D 5-=-=8ајаняланана 
PROT SS [Ес 
с=т 
D coute [зул чокан | nuum NN 
[S| utt. 
|}; 
cus. IY | Bot Seo ANNUM 
100 200 300 400 
METRES 
з. 
Ы = уло 
Fic. 4-8 


Draw a line 12-5 cm long and divide it into 5 cqual 
parts. Each part will show 100 metres. 


Divide the first part into ten equal divisions. Each 
division will show 10 metres. 


At the left-hand end, erect a perpendicular and on it, 
step-off 10 equal divisions of any length. Draw the rectangle 
and complete the scale as shown in Problem 5. 


The distance between points A and B shows 374 metres. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


86 . ELEMENTARY ENGINEERING DRAWING 


Comparative scales: Scalcs having same representative 
fraction but graduated to read different units are called 
comparative scales. A drawing drawn with a scale reading inch 
units can be read in metric units by means of a metric compa- 


rative scale, constructed with the same representative fraction. 
Comparative scales may be plain scales or diagonal scales 
and may be constructed separately or onc above the other. 


Problem 8: 


A drawing is drawn in inch units to a scale $ full size. Draw 
the scale showing 4 inch divisions and to measure иро 15 inches. 
Construct a comparative scale showing centimetres and millineires, 


and to read upto 40 centimetres. 
(i) Inch scale [fig. 4-9(:)]. 
Length of the scale = 15 x $ =~ = 5$ inches. 


Construct the diagonal scale as shown in fig. 4-9(7). 





CEA nl ed ee 
Té 
T4 
O12 
ш 
3210 3 6 9 12 


Fic. 4-9 (1) 


MILLIMETRES 





CENTIMETRES 
Fic. 4-9(ii) 
(Ш) Comparative scale [fig. 4-9(i2)] : 
Length of the scale = 40 x $ = 15 cm. 


Construct the diagonal scale as shown in fig. 4-9(ii). 


„The line РО, on the inch scale shows 
Il$". Its equivalent, when measured on 
scale is 28:9 cm. 


a length equal to 
the comparative 
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Problem 9: 


Draw comparative scales of R.F. = to read ијіо 


saa 
485000 
80 kilometres and 80 versts. I verst = 1-067 Km (fig. 4-10). 


. VERSTS 
0 S5 0 10 20 30 40 50 60 70 






Se ——— CE qe 
10 0 10 30 40 50 60 
KILOMETRES 
Fic. 4-10 
3 1 
Le d == ) 100 
Length of kilometre scale 185000 x 80 x 1000 x 
= 16:5 cm. 
1 
| ==) :067 x 1000 x 100 
Length of verst scale 495000 (90 X1 0 
— 17-6 cm. 


Draw the two scales one above the other as shown in the 
figure. : 


Problem 10: 


On a road map, a scale of miles is shown. On measuring from 
this scale, a distance of 25 miles is shown by a line 10 cm long. 
Construct this scale to read miles and to measure upto 40 miles. 
Construct a comparative scale, attached to this scale, to read kilometres 
upto 60 kilometres. I mile = 1:609 Km (fig. 4-11). 


KILOMETRES 








(i) Scale of miles: 





Length of the scale = ape e Cnt 
Draw a line 16 cm long and construct a plain scale to 
show miles. 
\ А 
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(ii) Scale of kilometres: 
Е = 10 жые, АГА —= REL 
R.F. = 35 x L609 x 1000 x 100 402250 


1 
ne c amen ©/ ч X 
Length of the scale 109950 x 60 x 1000 x 100 


= 14-9 cm. 


Construct the plain scale 14-9 cm long, above the scale 
of miles and attached to it, to read kilometres. 


Vernier scales: Vernier scales, like diagonal scales, arc 
used to read to a very small unit with great accuracy. A 
vernier scale consists of two parts — a primary scale and a 
vernier. The primary scale is a plain scale fully divided into 
minor divisions. As it would be difficult to sub-divide the 
minor divisions in the ordinary way, it is done with the help 
of the vernier. The graduations on the vernier arc derived 
from those on the primary scale. 


Fig. 4-12 shows a part of a plain scale in which the length 
40 represents 10 cm. If we divide 40 into ten equal parts, 
each part will represent 1 cm. It would not be easy to divide 
each of these parts into ten equal divisions to get measurements 
in millimetres. 





4 2 
CENTIMETRES 
Гс. 4-12 


Now, if we take a length BO equal to = 
equal parts, thus representing 1] x and UR it ec 
equal divisions, cach of these divisions will represent 11 —1-1 cm 
or П] mm. The difference between onc part of 40 and onc 
division of 80 will be equal to 1-1 — 1-0 = 0-1 cm or 1 mm 


Similarly, the difference between two parts of cach will be 


/ 
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«o s — — „у „и, 


0-2 cm or 2 mm. The upper scale BO is the vernier. The 
combination of the plain scale and the vernicr is the vernier 
scalc. 


In general, if a line representing z units is divided into z 


o- æ а-аа m —— —— — — MÀ аа-а же шч 
Ca. e - - 


n T 

equal parts, each part will show — = 1 unit. But, if a line 
n 

equal to n -+ 1 of these units is taken and then divided into л 


: n -- 1 1 
equal parts, cach of these parts will be equal to za ej 4e 2 
n 


=. s. = 


| units. Тһе difference between one such part and onc former 


1 1 Lx 
part will be cqual to za —- ET unit. Similarly, 


T. : 2.5 06 
the difference between two parts from cach will be z unit. 


Probiem 11: 


Draw a vernier scale of R.F. = = to read centimetres upto 
4 metres and on it, show lengths representing 2-39 m and 0-91 m 









(fig. 4-13). 
CENTIMETRES 
d c D 1 . METRES 
n 
" 
10 7 
DECIMETRES 





Fic. 4-13 
Length of the scale = 4; X 4 x 100 = 16 cm. 


Draw a line 16 cm long and divide it into 4 equal parts 
to show metres. Divide cach of these parts into 10 equal 
parts to show decimetres. 

To construct a vernier, take 11 parts of dm length and 
divide it into 10 equal parts. Each of these parts will show 
i a length of 1-1 dm or 11 cm. 

To measure a length representing 2-39 m, place one leg 


ivi 'k her leg at B 
C the divider at 4 оп 99 cm mark and the ot 
oh [4 y EST The length 4B will show 2-39 metres 


(0-99 + 1-4 = 2:39). 


a —— o A — 
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Similarly, the length CD shows 0:91 metre (0-8 + 0-11 
= 0-91). 

The necessity of dividing the plain scale into minor 
divisions throughout its length is quite evident from the above 
measurements. 


Problem 12: 


Construct a full-size vernier scale of inches and show on it 
lengths 3-67", 1-54” and 0-48" (fig. 4-14). 





Fic. 4-14 


Draw a plain full-size scale 4" long and divide it fully to 
show 0-1” lengths. 


Construct a vernicr of length equal to 10 +1 — 11 
parts and divide it into 10 equal parts. Each of these parts 


ИЙ оу ше — 0-11”. 


_ The line AB shows a length of 3-67” (0-77" +2-9” — 3-67"). 
Similarly, lines CD and PQ show lengths of 1:54" (0-44” 
+ 1-1 = 1-54") and 0-48" (0-88" — 0-4” = 0-48") respectively. 


Problem 13: 


Construct a vernier scale of R.F. 
measure uplo 15 yards (fig. 4-15). 


A C B D ; 


uz] : 
= s. l0 read inches and to 











; YARDS 
Hrer КГ} Ern ee nr 
Fie. 4-15 


Length of the scale — зв X15 = 3 yq = 62”. 


16 
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Draw thc plain scalc 62" long and divide it fully to show 
yards and feet. 


To construct the vernier, take a length of 12 + 1 = 13 
fect-divisions and divide it into 12 equal parts. Each part 
will represent i3 ft or 17-1”. 


Lines 4B, CD and PQ show respectively lengths repre- 
senting 4yd 11 9in (9'-9" + 4’), буа 2ft 3in (3'-3" + 17) 
and Oyd 2ft 7in (7'-7" — 5/) 


| Scale of chords: The scale of chords is used to set out 
or measure angles when a protractor is not available. It 
| is based on the lengths of chords of different angles measured 
| on the same arc and is constructed as shown below. 


| Draw a line AB of any length (fig. 4-16). At B, erect 
| a perpendicular. With B as centre, describe an arc AC cutting 
the perpendicular at a point C. Then, the arc AC (or the 
chord АС) subtends an angle of 90? at the centre В. 


NEED bacca SE eS cremains ios 





0 30 


60 90 
DEGREES 


D^ Fic. 4-16 
| Divide AC into nine cqual parts. This may be done (i) by 
| dividing the arc AC into three equal parts by drawing arcs 
} with centres A and C and radius AB, and then (ii) by dividing 
{ cach of these parts into three cqual parts by trial and error 
method. Each of the nine equal parts subtends an angle of 
10? at the centre B. 

Transfer cach division point from the arc to the straight e 
line AB-produced, by taking 4 as centre and radi equal to —  - 
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chords 4-10, 4-20 etc. Complete the scale by drawing a 
rectangle below AD. The divisions obtained are uncqual, 
decreasing gradually from 4 to D. It is quite evident that 
the distance from A to a division point on the scale is equal 
to the length of the chord of the angle subtended by it at the 
centre B. It may be noted that the chord A-60 is cqual to 
the radius AB. 

The scale may be fully divided, i.c., each division divided 
into ten equal parts to show degrees. In the figure, degrees 
are shown in multiples of 5. 


Problem 14: 


Construct angles of 47° and 125° by means of the scale of 
chords (fig. 4-17). 





Fic. 4-17 


_Draw any line AB. With any point P on it as centre and 
radius equal to 0-60 (from the scale of chords), draw an arc 
cutting AP at a point R. With R as centre and radius equal 


to 0-47 (chord of 47°) cut the arc at a ро; ш 
T. Then Z RPT = 47°. at a point 7. Join P with 


As the scale of chords ei ! | о 
gives angles upto only 90 
90° + 35° as shown in the figure. Ыз ше E бо эор 


It may also be obtained b | 
| y sctting-off a chord SQ of 
55° (180° — 125?) (rom the right. Dr e 


Problem 15: 


Ti ; = eae 
(fg. т the given angle РОВ by means of the scale of chords 
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With Q as centre and radius equal to 0-60, draw an arc 
cutting PO, at A and RQ at B. Take the chord length AB 
and apply it to the scale of chords which shows the angle to 
be of 37°. 





Гіс. 4-18 


EXERCISES IV 


(1) Construct the following scales and show below each, 
its R.F. and the units which its divisions represent: 

(a) Scale of 11" = 1 foot, to measure upto 5 feet 
and showing feet and inches. 

(b) Scale of 2" — 1 yard, to measure upto 10 yards 
and showing yards and feet. 

(c) Scale of 1j" = 1 mile, to measure upto 4 miles 

! and showing miles and furlongs. 

(2) Construct a scale of 1" —1 foot to read upto 6 feet and 
show on it, 4'-7" length. : 

(3) A line 1}” long represents a length of 16'-8". Extend 
the line to measure upto 60 feet and show on it, units of 10 feet 
Show on it, lengtns of 47 fect and 13 feet. 

(4) Construct a scale of $” = 1" and with it, draw a triangle 
having sides 85", 114" and 15%” long. 

(5) -The К.Е: of a scale showing miles, furlongs and chains 
is СВ . Draw a scale to read upto 5 miles and show on it, 
the length representing 3m 5f 3ch. 

(6) Draw a 4" long diagonal scale of 1" = 1" and show 
on it, lengths of 2-14" and 3:79". 
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(7) The distance between two points on a map is 5%". The 
points are actually 20 miles apart. Construct a diagonal scale 
of the map, showing miles and furlongs and to read upto 25 miles. 

(8) Construct a scale of 1-5 cm — 1 dm to read upto 1 
metre and show оп it a length of 0-66 metre. 


l 
(9) Draw a diagonal scale of R.F. = 6950 t2 read upto 1 


kilometre and show on it a distance of 653 metres. 
(10) Construct comparative diagonal scales of metres and 


yards having R.F. — zs to show upto 400 metres. 1 metre 


= 1-0936 yards. 

(11) Define simple and comparative scales. What is the 
R.F. of a scale which measures 2-5 inches to a mile? Draw a com- 
parative scale of kilometres to read upto 10 Km. 1 Mile = 1:609 Km. 

(12) On a map showing a scale of kilometres, 60 Km are 
found to equal 4-5 inches. What is the R.F.? Construct а com- 
parative scale of English miles. 1 Km = 1093-6 yards. 

(13) On a Russian map, a scale of versts is shown. On 
measuring it with a metric scale, 120 versts are found to measure 
10 cm. Construct comparative scales for the two units to measure 
upto 150 versts and 150 Km respectively. 1 Verst — 1-067 Km. 

(14) Prepare a scale of knots comparative to a scale of 
1 cm — 5 Km. Assume suitable lengths. 1 Knot = 1:85 Km. 

` (15) Draw a full-size vernier scale to read $” and +” lengths 
and mark on it lengths of 254: , 261' and 39". 

(16) Construct a scale’ of В.Е. = 25 to show decimetres 
end centimetres and by a vernier to read millimetres, to measure 
upto 4 decimetres. 


(17) Construct а vernier scale to show yards, the R.F. 


] 
being 3300" Show the distance representing 2 furlongs 99 yards. 


(18) Construct a scale of chords showi ° divisi 
. . : - Owinge 5 
with its aid set-off angles of 25°, 40°, 55° чы apum and 


(19) Draw a triangle havine sj 
8 sides 8 cm, 9 cm and 10 
long respectively and measure its angles with the aid x a ale 


_ of chords. 
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CHAPTER V 
LOCI OF POINTS 
A locus (plural loci) is the path of a point which moves 


in space. 


The locus of a point P moving in a plane about another 
point O in such a way that its distance from it is constant, 1s 
a circle of radius equal to OP (fig. 5-1). 


Р 
“ M 
ГА p Зар NG 
e | 
* А В А В 
5374 
Fic. 5-1 Fic. 5-2(1) Fic. 5-2(1) 


The locus of a point P moving in a plane in such a way 
that its distance from a fixed line AB is constant, is a line 
through P, parallel to the fixed line [fig. 5-2(z)]- 


When the fixed line is an arc of a circle, the locus will 
be another arc drawn through P with the same centre 
[fig. 5-2(ii)]. 

The locus of a point equidistant 
from two fixed points A and B in the 


"A same plane, is the perpendicular bisector 
P й of the line joining the two points (fig. 
Р 
X 5-3). 
я E The locus of a point equidistant 
ж from two fixed non-parallel straight 
Fic. 5-3 lines AB and GD will be a straight 
| line bisecting the angle between them 
(fig. 5-4). 
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Problem 1: 
To draw the locus of a point equidistant from a fixed straight 
line and a fixed point (fig. 5-5). 





Tic. 5-4 Tic. 5-5 


Let AB be the given linc and C the given point. From 
C, draw a line CD perpendicular to AB. The mid-point 
P of CD is equidistant from AB and C, and hence, it lies on 
the locus. 


To obtain more points, mark a number of points 1, 2 
etc. on PC and through them, draw lines parallel to AB. 


With centre C and radius D1, draw an arc cutting the 
line through 1 at points P, and Р. Similarly, obtain more 
points and through them, draw a smooth curve which will 
be the required locus. 


Problem 2: 
To draw the locus of a point equidist | ced ci 1 
aH PS 5-б). b quidistant from a fixed circle and 
A circle with centre О and a point C are given. 


Draw a line joining O and C a i 1 
! Jomu nd cutting the circle at a 
point 4. The mid-point P of the line AC will lie on the locus. 


Mark a number of points 1, 2 
› їс. 
draw arcs with О centre. Been cand through: theme 


With centre C and radius 
: equal t : 
cutting the arc through 1 at pois P, зеи A d гам, Ө аб 
1 е 
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Similarly obtain more points and draw the required 
curve through them. 





Fic. 5-6 Fic. 5-7 


Problem 3: 


To draw the locus of a point equidistant from a fixed straight 
line and a fixed circle (fig. 5-7). 


A line AB and a circle with centre O are given. 


From O, draw a line OD perpendicular to AB and cut- 
ting the circle at C. Find the mid-point P of the linc DC. 
It will lie on the curve. Mark any point 1 on PC and through 
it, draw a line parallel to AB. With centre О and radius 
equal to (OC + D1), draw an arc cutting the line through 
] at P, and P,’. Similarly, obtain more points and draw 
the curve through them. 


Problem 4: 


To draw the locus of a point equidistant from two given circles 
(fig. 5-8). 
Circles with centres 4 and B are given. 


Draw a line joining A and В and cutting the circles at 
points C and D. 


Find the mid-point P of the line CD. Mark any point 
1 on PD and through it, draw an arc with centre A. With 
centre В and radius equal to (BD + Cl), draw an arc, cut- 
ting the arc through 1, at points P, and Ру. Similarly, 
locate more points and draw the curve through them. 
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The curves obtained in the above four problems are also the 
loci of cenires of circles which will touch the given ‘line, point or 


| ЖЩ О 























Problem 5: 


To draw a circle touching two given circles and a given straight 
line (fig. 5-8). 


The circles with centres A and B and the line EF are 
given. 


Draw the locus of a point equidistant from onc of the 
circles, say the smaller circle, and the line EF. 


The point of intersection of this curve, with the locus of 
the point equidistant from the two given circles, viz. O is the 
centre of the required circle. 


Simple mechanisms: In simple mechanisms, it is 
often necessary to know the paths of points on their moving 
parts. These are determined by assuming a number of 
different positions of the moving parts and then locating the 
corresponding positions of the points. 


_ _ The slider-crank mechanism shown diagrammatically 
in fig. 5-9 1s one of the simplest mechanisms. The end A of 
the connecting rod AB is connected to the crank OA which 
rotates about O. The other end B is attached to a slider 
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which slides along a straight line. The locus of A will be a 
circle and that of the end В will be a straight line. The locus 
of any other point, say P, on the connecting rod will be nei- 
ther a circle nor a straight line апа may be determined 
(i) by assuming various positions of the crank-end 4, (ii) by 
obtaining the corresponding positions of the end В and 
finally (iii) by locating the positions of P on the lines joining 
the first two positions. А smooth curve drawn through the 
points thus located will be the locus of P. 





Fic. 5-9 


Problem 6: 


In a slider-crank mechanism, the connecting rod АВ is 75 cm 
(2'-6") long and the crank OA is 15 cm (6°) long. The end B 
moves along a straight line passing through O.. Trace the locus 
of a point P, 30 cm (1'-0") from A along the rod, for one revolution 
of OA (fig. 5-9). | 

Divide the circle (path of A) into 12 equal parts. With 
centre 1 and radius AB, cut the path of B at a point В,. 
Draw a line joining 1 and B,. Again, with centre 1 and 
radius PA, cut the line 1B, at a point P,. Obtain other 
points in similar manner and draw a smooth curve through 
these points. Then this curve is the locus of the point P. 


Note that BB; is the travel of the slider and is equal to 
twice the length of the crank. But the movement of the slider 
is not uniform with that of the crank-end A. 


` 


Problem 7: 


In the off-set crank mechanism shown in fig. 5-10, the slider-end 
B moves in guides along the line CD, 22-5 cm (9°) below the axis 
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O of the crank-shaft. Plot the locus of a point P, #5 cm (1’-6") 
from A along AB and of a point Q along the extension of the rod, 
30 cm (1'-0") beyond B. Determine also the travel of the slider. 








Fic. 5-10 


Divide the circle into 12 equal parts and obtain the 
positions of the end B on its path, and of the point P as shown 
in problem 6. Produce lines 1B, 2B etc. 30 cm (1'-0^) fur- 
ther and mark positions Q,, О,» etc. 


In addition to the above 12 points, it is also necessary 
to determine the limiting positions of the end B. They will 
occur when the connecting rod and the crank are in a straight 
line. These are found by drawing arcs with centre О and 
' radii (i) (48 — AO) and (ii) (AB + АО), and cutting the 
path of B at points B’ and B". The travel of the slider is 
shown by the distance B"B'. The corresponding positions 
of P and Q for the limiting positions, viz. Р’, P" and Q’, Q” 
are obtained as already explained. 


Problem 8: 


| In ihe mechanism shown in fig. 5-11, the connecting rod.is con- 
strained to pass through the guide at D. Trace the locus of the 
end B and of a point P for a complete revolution of the crank. 
АВ = 180 ст (6'-0"), AO = 37-5 ст (1’-3") and AP = 
75 ст (2'-6"). 


Divide the circle into 12 equal parts. Draw a line from 
the point 1, passing through D and obtain a point B, such 
that 1B, = AB. Similarly, locate other positions of the end 
B and draw a curve through them. The locus of P is drawn 
in the same manner as explained in the previous problem. 
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The limiting positions B’ and В” (of the cnd B) are found by 
drawing a line through О and D and making OB’ cqual to 
(АВ — АО) and OB" equal to (AB + АО). 





Fic. 5-11 
Note that A'B’ = А”В” = AB. 


Problem 9: 


Two equal cranks АВ and CD (fig. 5-12) connected by the 
link BD, rotate in opposite directions. Draw the locus of a point 
P on BD and of Q along extension of the rod beyond B for one 
revolution of AB. АВ — CD = 45 ст (1'-67); .AC = Вр = 
150 ст (5'-0"); PD = 30 ст (1'-0"); ВО = 30 cm (1'-0^). 





Fic. 5-12 


Divide onc of the circles (say path of B), into 12 equal 
parts. Determine the position of D on its path (the other 
circle), for every position of B and find the corresponding 
positions of P and Q, for these positions as shown. It will 


~ 
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be 
po 


found that there is a wide gap between the points for 
sitions 6, 7 and 8 of the end B. А few more positions 


such as AB’ and AB” etc. may be taken and points P’, P", 


Q', Q" etc. may be. located. 


Problem 10: 


Two cranks AO and ВО (fig. 5-13) oscillate about О and 0), 


respectively. Trace the locus of the mid-point P of the connecting 
link AB. AO = 45 cm (I'-6"); ВО = 67-5 ст (2-3); АВ 
= 37-5 cm (1'-3^). 





when the link and each of the cranks a 
and are found as shown bclow: 


Fic. 5-13 


The limiting positions of the ends 4 and B will be, 
re in straight lines 


With centre Q and radius (BQ + AB), draw arcs cut- 


ting the path of A at points A’ and А". 
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With centre O and radius (40 4- AB), draw arcs cut- 
ting the path of В at points B’ and B". 


Assume A to be moving downwards. Then B will move 
towards B'. After B has reached B’, if A moves further 
towards A’, B will begin its return-motion. A will go upto 
A" and then move backwards. The movement will be 
repeated in a similar manner at В” and A” also. 


To draw the locus of P, mark a number of points on 
the path of A. With centre A, and radius AB, draw an arc 
cutting the path of B at B4. Mark point P, such that 4, P, — 
AP. Similarly, locate other points during the complete 
oscillation of the crank OA, from A’ to A". It is not necessary 
to draw the cranks in various positions. 


Problem 11: 


Two cranks AB and CD (fig. 5-14) are connected by a link 
BD. АВ rotates about A, while CD oscillates about C. Trace the 
locus of the mid-point of the link BD during one complete revolution 
of the crank AB. . AB = 45 cm (I'-6"), CD = 75 cm (2'-6^), 
BD = 105 ст (3'-6"). Distance between A and C is equal to 
90 cm (3'-0"). 





Fic. 5-14 


Divide the circle into 12 equal parts. With centre 1 
and radius BD, cut the path of D at D, Locate Pj, the 
mid-point of 14. Similarly, find other points. In addition, 
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find points P' and P" for limiting positions, when 4D' — 
(BD -- AB) and AD" — (BD — AB). 


Problem 12: 


The end A of a rod AB (fig. 5-15) rotates about О, while the 
end В slides along a straight line. A crank CQ oscillates about 0), 
Draw the locus of the mid-point P of the connecting link CD for one 
revolution of the crank OA. AB = 150 cm (5-07), CD = 75 ст 
(2'-6"), OA = 45 ст (1'-6") and CQ, = 120 ст (4'-0"). 


Me: 
/ 


Fic. 5-15 


Determine points D,, D, etc. for various positions of 
the crank OA. With centres D,, D, ctc. and radius CD, 
draw arcs cutting the path of C at C, Сб» сіс. Locate the 
mid-points P,, P, etc. of lines D,C,, DC, ctc. and draw the 
required curvc through them. 


EXERCISES V 


7 S A eee PE the centres of three circles of diameters 
(sa), B ^ ©: e | A is cm (15^) respectively. PQ = 9-5 cm 
` 3 = cm " an R —7:5 cm 3"). 2 : 
Jng the three circles. (3"). Draw a circle touch 
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(2) The end P of a line PQ, 10 cm (4") long (fig. 5-16), 
slides vertically downwards. The end Q moves along the line AB 
towards A and then back to B. Plot the locus of the point O on 
PQ and 4 cm (121^) from P. 





Fic. 5-16 Fic. 5-17 


(3) In a slider-crank mechanism, the crank OA is 45 cm 
(1’-6”) long, and the connecting rod AB, 105 cm (3'-6") long. 
Plot the locus of (i) the mid-point P of 4B, and (ii) a point 60 cm 
(2/-0") from А on BA extended, for one revolution of the crank. 


(4) The rod BC (fig. 5-17) is attached to the crank OA at 
A. OA rotates about О and the rod BC is constrained to раз 
through the point Q. Draw the loci of the ends B and C, for one 
complete revolution of OA. BC = 120 cm (4'-0"), OA = 22-5 


cm (0'-9"), AB = 30 cm (1'-0") and OQ, = 52-5 cm (1-9"). 





Fic. 5-18 Fic. 9-19 


(5) The crank O4 (fig. 5-18) rotates about O and the con- 
necting rod AB slides in the same plane, on. the curved surface 
of a shaft (with centre Q) of 45 cm (1-67) diameter. Trace the 
locus of (i) the end B and (ii) the point P beyond AB and 30 cm 
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(1’-0") from A for one revolution of OA. ОА = 37-5 cm (1'-3^), 
АВ = 120 cm (4-0" and OQ — 70 cm (2'-4). 

(6) Two equal cranks АВ and CD (fig. 5-19) rotate in oppo- 
site directions about А and C, and are connected by the rod BD. 
Plot the locus of the end P of the link PQ, attached at right angles 
to BD at its mid-point Q for one complete revolution of the cranks. 
AB = 30 cm (1-0°);.Вр = АС = 105 cm (3’-6"); PQ = 22-5 
cm (0'-9^). 

(7) Two cranks 4B and CD (fig. 5-20) are connected by a 
link BD. The end B moves round the circumference of the circle ' 
with centre 4, while the end D oscillates on an arc about C as 
centre. Plot the locus of the point P on BD, 45 cm (1'-6") from 
B, for one complete revolution of AB. АВ = 45 cm (1'-6"), CD = 
105 cm (3’-6"), BD = 135 cm (4'-6") and АС = 165 cm (5'-6"). 





Fic. 5-20 Fic. 5-21 


- (8) Two equal links 4B and CD (fig. 5-21) connected bya 
rod BD, oscillate about their ends 4 and C. Plot the locus of 
(i) the mid-point P of BD and (ii) the point Q, on BD. AB = 
CD = 120 cm (4'-0"); BD = 90 cm (3'-0"); BQ = 22-5 cm (0'-9") 
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Conic sections: The sections obtained by the inter- 
section of a right circular cone by a plane in different posi- 
tions relative to the axis of the cone are called conics. For 
example: 

(i) When the section plane is inclined to the axis and 
cuts all the generators on one side of the apex, the section is 
an ellipse. 

(ii) When the section planc is inclined to the axis and 
is parallel to one of the generators, the seotion is a parabola. 

(iii) When the section plane cuts both the parts of the 
double cone on one side of the axis, the section is a hyperbola. 

The conic may be defined as the locus of a point moving 
in a plane in such a way that the ratio of its distances from a 
fixed point and a fixed straight line is always constant. 

The fixed point is called the focus, and the fixed line, 
the directrix. 

. distance from the focus 

The ratio ——— — == 

distance from the dircctrix 
It is always less than 1 for ellipse, equal to ! for parabola 
and always greater than 1 for hyperbola. 

The line passing through the focus and perpendicular 
to the directrix is called the axis. 

The point at which the conic cuts its axis is called the 
vertex. 


Problem 1: 

To construct an ellipse when the distance of the focus from the 
directrix is equal to 5 cm (2") and eccentricity ts & (fig. 6-1). 

Draw any line AB as directrix. 

At any point C in it, draw the axis. Mark a focus F 
on the axis such that CF — 5 cm (2"). Divide CF into 5 
equal divisions and mark the vertex V on the third division 


VF 2 
from C. Thus, YC 3 


is called eccentricity. 
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A scale may now be constructed on the axis (as explained 
below), which will directly give the distances in the required 


ratio. 





Fic. 6-1 


At V, draw a perpendicular VE equal to VF. 
Draw a line joining C and E. 
VE -VF 
ҮС ҮС 
Mark any point 1 on the axis and through it, draw а 
perpendicular to meet CE-produced, at 1". 
. With centre F and radius equal to 1-1’, draw arcs to 
intersect the perpendicular through 1 at points P, and P. 
These are the points on the ellipse, because the distance 
of P, p AB is equal to Cl, РЁ = 1-1' and = = A = = 
Similarly, mark points 2, 3 etc. on the axis and obtain 
үл P, x. Pa» Р» and P,’ etc. 
raw the ellipse int i 
curve and has m RM бе томы ы ы 


Problem 2: 


Thus, in triangle CV. : 


To construct a parabola, when the di | 
‚ the directrix is 5 ст (2") (fg. 63). distance of the focus from 
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Draw the directrix АВ and the axis CD. 
Mark focus F on CD, 5 cm (2") from C. 
Bisect CF in V the vertex (because eccentricity — 1). 





Fic. 6-2 


Mark a number of points 1, 2, 3 etc. on the axis and 
through them, draw perpendiculars to it. 

With centre F and radius equal to Cl, draw arcs cutting 
the perpendicular through 1 at P, and ae 

Similarly, locate points Р» and Р, P, and P,’ etc. on 
both the sides of the axis. 

Draw a smooth curve through these points; this curve 
is the required parabola. It is an open curve. 


Problem 3: 
To construct a hyperbola, when the distance of the focus from 
the directrix = 6:5 cm (25") and eccentricity = 3$ (fig. 6-3). 
Draw the directrix 4B and the axis CD. 
Mark the focus F on CD and 6:5 cm (23^) from C. 


Divide GF into 5 equal divisions and та V the vertex, 
VF 
on the second division from C. Thus, YO" 3 
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for io 5, draw a line VE 
To construct the scale for the ratio 3, i 
perpendicular to CD such that VE = VF. Join C and E. 





Thus, in triangle CVE, ЁС YC 5°. 


Mark any point 1 on the axis and through it, draw a 
perpendicular to meet CE-produced at 1’. 


With centre F and radius equal to 1-1’, draw arcs 
intersecting the perpendicular through 1 at P, and Рү. 


Similarly, mark a number of points 2, 3 etc. and obtain 
points Р. and P,’, P, and Py etc. 

Draw the hyperbola through these points. 
TANGENTS AND NORMALS TO CONICS: 


The rule for drawing tangents and normals: 

When a tangent at any point on the curve is produced 
to meet the directrix, the line joining the focus with this 
meeting point, will be at right angles to the line joining the 
` focus with the point of contact. 
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The normal to the curve at any point is perpendicular 
to the tangent at that point. 


Problem 4: 


To draw a tangent at any point P on the conic (figs. 6-1, 6-2 
and 6-3). 

Join P and F. From F, draw a line perpendicular to PF 
to meet AB at T. Draw a line through 7 and P; this line is 
the tangent to the curve. Through P, draw a line NM 
perpendicular to ТР; NM is the normal to the curve. 


CONSTRUCTION OF CONICS BY OTHER METHODS:. 
Ellipse: Ellipse is also defined as a curve traced out 
by a point, moving in the same plane as and in such a way 


that the sum of its distances from two fixed points is always 
the same. 


The fixed points are called the foci (plural of focus). 





Fic. 6-4 


The linc passing through the foci and terminated by 
the curve, is called the major axis. 

The line bisecting the major axis at right angles and 
terminated by the curve, is called the minor axis. 

In fig. 6-4, AB is the major axis, CD the minor axis 
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апа F, and F, are the foci. The foci are equidistant from 
the centre О. 

The points A, P, C etc. are on the curve and hence, 
according to the definition, 

(AF, + AF) = (PF, + PFa) = (CF, + CF) еіс. 
But (AF, + АЕ») = AB 

(PF, + РЕ) = AB, the major axis. 

Therefore, the sum of the distances of any point on the 
curve from the two foci, is equal to the major axis. 

Again, (CF, + СЕ») = AB. 

Hence, the distance of the ends of the minor axis from 
the foci is equal to half the major axis. 
Problem 5: 


To construct an ellipse, given the major and minor axes. 





D 
Fic. 6-5 


: The ellipse is drawn by, first determining a number of 
points through which it is known to pass and then, drawing 
a smooth curve through them, either freehand or with a 


french curve. Larger the n | 
; umber of points, more a 
the curve will be. Р ; pops 
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Method (i): ‘Ares of circles’ method (fig. 6-5). 


Draw a line AB equal to the major axis and a line CD 
e to the minor axis, bisecting each other at right angles 
at U. 

With centre C and radius equal to half AB (i.e. АО), 
draw arcs cutting AB at F, and F,, the foci of the ellipse. 

Mark a number of points 1, 2, 3 etc. on AB. With 
centres 74 and Fa, and radius equal to Al, draw arcs on both 
sides of AB. 

With same centres and radius equal to Bl, draw arcs 
intersecting the previous arcs at four points marked P}. 

Similarly, with radii 42 and B2, 43 and B3 etc. obtain 
more points. 

Draw a smooth curve through these points. This curve 
is the required ellipse. 


Method (ii): ‘Concentric circles’ method (fig. 6-6). 





Fic. 6-6 


Draw the major axis AB and the minor axis CD inter- 
secting each other at O. 
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With centre O and diameters AB and CD respectively, 
draw two circlcs. 


Divide the major-axis-circle into a number of equal 
divisions, say 12 and mark points 1, 2 сіс. as shown. 


Draw lines joining these points with the centre O and 
cutting the minor-axis-circle, at points 1’, 2’ etc. Through 
the point 1 on the major-axis-circle, draw a line parallel to 
CD, the minor axis. Through point 1’ on the minor-axis- 
circle, draw a line parallel to AB, the major axis. The point 
P,, where these two lines intersect is on the required ellipse, 


Repeat the construction through all the points. Draw 
the ellipse through A, Pi, P,.... etc. 


Method (i): ‘Loop of the thread’ method (fig. 6-7). 





D 
Fic. 6-7 


This is a practical application of the first method. 


Draw the two axes АВ and CD intersecting at O. Locate 
the foci F, and Fy. 
. Insert a pin at each focus-point and tie a picce of thread 
in the form of a loop around the pins, in such a way that 
the pencil point when placed in the loop (keeping the 
thread tight), is just on the end C of the minor axis. 


Move the pencil around the foci, maintaining an even 
tension in the thread throughout and obtain: the ellipse. 


It is evident that PF, + PF, = CF, + CF, etc. 
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Method (iv): ‘Oblong’ method [fig. 6-8(i)]. 





Fic. 6-8(ii) 


Draw the two axes AB and CD intersectimg at O. 
Construct the oblong EFGH having its sides equal to the 
two axes. | 

Divide the semi-major axis AO into a number of equal 
parts, say 4, and AE into the same number of equal parts, 
numbering them from А as shown. 

Draw lines joining 1’, 2’ and 3’ with С. From D, draw 
lines through 1, 2 and 3 intersecting Cl’, C2’ and C9" at 
points P}, Pa and Рз respectively. 

Draw the curve through A, P,.....-. C. It will be one 
quarter of the ellipse. | 
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Complete the curve by the same construction in each 
of the three remaining quadrants. 

As the curve is symmetrical about the two axes, points 
in the remaining quadrants may be located by drawing 
perpendiculars and horizontals from P}, Рз ctc. and making 
each of them of equal length on both the sides of the two 
axes For example, Pax = xP4, and Poy = Ps. 

An ellipse can be inscribed within a parallelogram by 
using the above method as shown in fig. 6-8(z2). 


Method (v): ‘Trammel’ method (fig. 6-9). 
Draw the two axes AB and CD intersecting at О. 


Along the edge of a strip of paper which may be uscd 
as a trammel, mark PQ equal to half the minor axis and PR 
equal to half the major axis. 

P Q 1 





Fic. 6-9 


Place the trammel so that R is on the minor axis CD 
апа :0, on the major axis AB. Then Р will be on the 
required ellipse. By moving the trammel to new positions, 
always keeping R on CD and О on АВ, obtain other points. 


Draw the ellipse through these points. 
NORMAL AND TANGENT TO AN ELLIPSE: 


The normal to an ellipse at any point on it bisects the 
angle made by lines joining that point with the foci. 
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The tangent to the ellipse at any point is perpendicular 
to the normal at that point. 


Problem 6: 


То draw a normal and a tangent to the ellipse, at a point О, 
ou it (fig. 6-4). 


Join О, with the foci F, and Fẹ Draw a linc ММ 
bisecting И FQ F; NM is the normal to the ellipse. Draw 
a line ST through О and perpendicular to WM; ST 15 the 
tangent to the ellipse at the point Q. 

CURVE PARALLEL TO AN ELLIPSE: © 
Problem 7: - 


To draw a curve parallel to an ellipse and at distance Ё from 
11 (fig. 6-10). 





Fic. 6-10 


This may be drawn by two methods: (a) А large num- 
ber of arcs of radius, cqual to the required distance A, 
with centres on the ellipse, may be described. Тһе curve 
drawn touching these arcs will be parallel to the ellipse. 


(b) It may also be obtained by drawing a number of 
normals to the ellipse, making them equal to the required 
distance R and then drawing a smooth curve through their 


ends. = 
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PARABOLA: 
Problem 8: 
To construct a parabola given the base and the axis 
I. Rectangle method [fig. 6-11(2)]. 
Draw the base AB. At its mid-point E, draw the axis 


EF at right angles to AB. Construct a rectangle ABCD, 
making side BC equal to EF. 


D 71 Ес ө 
LP A : 


Fic. 6-11(i) 
Divide AE and AD into the same number of cqual parts 
and name them as shown (starting from A). . 
Draw lines joining F with points 1, 2 and 3. 


Through 1’, 2’ and 3’, draw perpendiculars to AB inter- 
secting Fl, F2 and F3 at points Pj, Pa and P, respectively. 


Draw a curve through A, Ру, P, ctc. It will be a half 
parabola. 


Repeat the same construction in the other half of the 
rectangle to complete the parabola. 


Or, locate the points by drawing li j 
; g lines through the points 
P, ctc. parallel to the base and making cach "of Bien of 
equal length on both the sides of EF, e.g. PO = OP,’ 
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AB and EF are called the base and: the axi 
of the parabola. c axis respectively 





Fic. 6-11(ii) 


Fig. 6-11(4) shows a parabola drawn in a parallelogram 


by this method. 
II. Tangent method [fig. 6-11(їй)]: 


А 
[KS A : 
J FNY 














Fro. 6-11(ii) 
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Draw the base 4B and the axis EF. (These are taken 
different from those in method I). Produce EF to O so that 
EF =FO. Join О with A and B. Divide lines OA and 
OB into the same number of equal parts, say 8. Mark the 
division-points as shown in the figure. Draw lines joining 
1 with 1’, 2 with 2’ etc. Draw a curve starting from A 
and tangent to lines 1 1',29'etc. This curve is the required 


parabola. 

Rectangular hyperbola: It is a curve traced out 
by a point moving in such a way that the product of its dis- 
tances from two fixed lines at right angles to cach other is 
a constant. 

The fixed lines are called asymptotes. ‘This curve graphi- 
cally represents the Boyle's Law, viz. P X V =a constant. 


Problem 9: 


To draw a rectangular hyperbola, given the position of a point 
P on й [fig. 6-12(:)]. 


B E 
6 





Fic. 6-12(i) 


Draw lines OA and OB at right angl 
Mark the position of the point Р | E uuo сае ошо 
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Through P, draw lines CD and EF parallel to OA and 
OB respectively. Along PD, mark a number of points 1, 
2, З etc. not necessarily equidistant. Join 01, O2 etc. cut- 
ting PF at points 1’, 2’ etc. Through point 1, draw a line 
parallel to OB and through 1’, draw a line parallel to ОЛ, 
intersecting each other at a point P}. 


Obtain other points in similar manner. 


For locating the point, say P,, to the left of P, the line 
OG should be extended to meet PE at 6;. 


Draw the hyperbola through the points Pẹ P, P, etc. 
A hyperbola, through a given point situated between 


two lines making any angle between them, can similarly be 
drawn, as shown in fig. 6-12(й). 





Fic. 6-12(ii) 


Cycloidal curves: These curves are generated by a 
fixed point on the circumference of a circle, which rolls 
without slipping along a fixed straight line or a circle. The 


` rolling circle is called generating circle and the fixed straight 


line or circle is termed directing line or directing circle. 


Cycloid: Cycloid is a curve generated by a point on 
the circumference of a circle which rolls along a straight line. 
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Problem 10: 
To construct a cycloid, given the diameler of the generating 
circle (fig. 6-13). 


aS -—— PS. 


Cycloid 
Fic. 6-13 


With centre C and given radius R, draw a circle. Let 
P be the generating point. 


Draw a line PA tangential to and cqual to the circum- 
ference of the circle. Divide the circle and the line Pd into 
the same number of equal parts, say 12, and mark the divi- 
sion-points as shown. Through C, draw a line CB parallel 
and equal to PA. 


Draw perpendiculars at -points 1, 2 etc. cutting CB at 
С Сз etc. 

Assume that the circle starts rolling to the right. 
When point 1” coincides with 1, centre C will movc' to C. 
In this position of the circle, the generating point P will 
have moved to position P, on the circle, at a distance equal 
to Pl’ from point 1. It is evident that P, lies on the hori- 
zontal line through 1’ and at a distance R from C,. Simi- 


larly, Рә will lie on the horizontal linc through 2’ and at the 
distance R from С,. 


Construction: "Through the points 1’, 2’ 
parallel to PA. 5 P , 2 ctc. draw lines 


With centres C,, C, etc. and radius cqual to Л, draw 


arcs cutting the lines through 1’, 2’ etc. at points Р., P. 
etc. respectively: p ^29 


4 


Draw a smooth curve through points P P.. P thi 
curve is the required cycloid. Sn dap аы s 
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NORMAL AND TANGENT: 


The rule for drawing a normal to all cycloidal curves: 


The normal at any point on a cycloidal curve will pass 
through the corresponding point of contact between the 
gencrating circle and the directing line or circle. 


lhe tangent at any point is perpendicular to the nor- 
mal at that point. 


Problem 11: 


To draw a normal and a tangent to a cycloid at а given point 


N on it (fig. 6-13). 
With centre W and radius equal to R, draw an arc cut- 
ting CB at M. 


Through M, draw a line MO perpendicular to the direc- 


ting line РА and cutting it at О. 
О is the point of contact and M is the position of the centre 
of the generating circle, when the generating point P is at JV. 
Draw a line through JV and O; this line is the required 
normal. | 


is the tangent to the cycloid. 


Trochoid: 'Trochoid is a curve generated by a point 
fixed to a circle, within or outside its circumference, as the 
circle rolls along a straight linc. 

When the point is within the circle, the curve is called 
an inferior trochoid and when outside the circle, it is termed a 
superior irochoid. 


Problem 12: 

To draw a trochoid, given the rolling circle and the generating 
point (figs. 6-14, 6-15 and 6-16). 

(a) Inferior trochoid: Let Q be the point within the 
circle and at a distance A, from the centre С. | 

Draw the circle and mark a point Q on the line CP and 


at a distance A, from C. — 
Draw a tangent РА equal to the circumference of the 


circle and a line CB equal and parallel to PA. 
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Divide the circle and the linc CB into 12 equal parts. 


Method I (fig. 6-14): Determine the positions P,, P, 
ctc. for the cycloid as shown in Problem 10. Join CA, 
C,P, etc. With centres C,, С» ctc. and radius equal to A, 
draw arcs cutting C,P,, CaPa ctc. at points Ол, 0. etc: 
respectively. 





СР SEN 
pad A, d 
| 4 А А fanans 
Trochoids 
Fic. 6-14 : 


. Draw a curve through these points; this curve is the 
inferior trochoid. 


Method II (fig. 6-15): With centre C and radius equal 
to Ку, draw a circle and divide it into 12 equal parts. 





Inferior trochoid 
Fic. 6-15 


Through the division-points, draw lines ; 
: › ines parallel to РА. 
With centres C,, C, etc. and radius equal to УЯ draw arcs 


to cut the lines through 1’, 9" i 
; 2’ etc. at : 
Draw the trochoid through these SPREAD ME 


(b) Superior trochoid: Let S be th i Д 
circle and at а distance Ro from the ени ee” 
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Method I (fig. 6-14): Adopt the same method as me- 
thod I used for inferior trochoid. Point $ will lie on line 
CP-produced, at distance Р, from C. Points $,, Sa etc. are 
obtained by cutting the lines C,P,-produced, СЪР ЕЗҮ 
etc. with arcs drawn with centres Су, C, ctc. ascia equal 
to Rə S, 5, S; etc. are the points on the superior trochoid. 

Method II (fig. 6-16): Same as method II for inferior 
trochoid. Note that the radius of the circle is equal to Rg. 





Superior trochoid 
Fic. 6-16 


Note the loop that is formed when the circle rolls for 
more than one revolution. 

Epicycloid and Hypocycloid: The curve generated 
by a point on the circumference of a circle, which rolls along 
another circle outside it, is called an epicycloid. 

When the circle rolls along another circle inside it, the 
curve is called a Aypocycloid. 


Problem 13: 

To draw an epicycloid and a hypocycloid, given the genera- 
ting and directing circles of radii T and R respectively. 

Epicycloid (fig. 6-17): With centre О and radius A, 
draw the directing circle (only a part of it may be drawn). 


^ Draw a radius OP and produce it to C, so that CP — r. 
With C as centre, draw the generating circle. Let P 


be the generating point. 
In one revolution of the generating circle, the point 
P will move to a point Л, so that the arc PA — the circum- 


ference of the generating circle. 
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The position of 4 may be located by calculating the 
angle subtended by the arc P4 at centre O, by the formula, 


Z РОА arc PA Oxr r 


— 
a „_„„—„——„——-—-—-—-—-—-—-—-—-——_——-—-—- Ba 


Z POA = 360? x =" 


Set off this angle and obtain the position of A. 


n EPICYCLOID 





Epicycloid and hypocycloid 
Fic. 6-17 


, With centre О and radius equal to OC, draw an arc 

ee er pioduced at B. This arc CB is the locus 
c centre C. Divide CB and th | ircle i 

ENS equa] rart nd the generating circle into 





With centre O, describe arcs through points 1’, 2’, 3’ 
Е etc. With centres Су, C, etc. and radius equal to r, draw 
arcs cutting the arcs through 1’, 2’ etc. at points P,, P, etc. - 


D ; : t 
Pes M the required epicycloid through the points P, p 
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Hypocycloid: The method for drawing the hypocycloid 
is same as for epicycloid. Note that the centre C of the 
generating circle is inside the directing circle, as shown in 
fig. 6-17. 

Note: When the diameter ofthe rolling circle is half the dia- 
meter of the directing circle, the hypocycloid is a straight 
line and is a diameter of the directing circle. 

NORMAL AND TANGENT: 


Probiem 14: 


To draw a normal and a tangent to an epicycloid and a hypo- 
cycloid at a point N in each of them (fig. 6-17). 

With centre JV and radius equal to r, draw an arc cut- 
ting the lacus of the centre C at a point D. Draw a line 
through О and D, cutting the directing circle at M. Draw 
a linc through N and M; this line is the normal. Draw a line 
ST through JY and at right angles to NM; ST is the tangent. 


SUPERI 





Epitrochoids 
Fic. 6-18 


Epitrochoid and hypotrochoid: Epitrochoid is a 
curve gencrated by a point fixed to a circle (within or out- 
side its circumference, but in the same plane) rolling on the 
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outside of another circle. When the circle rolls inside 
another circle, the curve is called a hypotrochoid. 


Superior epitrochoid 
Fic. 6-19 





; © 
Inferior epitrochoid and hypotrochoid 
Fic. 6-20 
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The curve is termed inferior or superior, according to 


the periton of the point being inside or outside the rolling 
circle. 





Hypotrochoids 
Fic. 6-21 


Problem 15: 


To draw an epitrochoid and a hypotrochoid, given the rolling 
and directing circles and ihe generating points. 





Superior hypotrochoid 
Fic. 6-22 


These curves are drawn by applying the methods used 
for trochoids. Note that arcs of circles are drawn instead 


of horizontal lines. 
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itrochoids: Method I: Superior and inferior 
Epitrochoids RE. 

Method II: Superior — see fig. 6-19 
Inferior — sec fig. 6-20 

-ochoids: Method I: Superior and inferior 
Hypotrochot DOR, 
"Method II: Superior — see fig. 6-22 
Inferior — sec fig. 6-20 


\ 


Note: When the diameter of the rolling circle is half the 
diameter of the directing circle, the hypotrochoid will 
be an ellipse. 

Involute: The involutc of a circle is a curve traced 

out by an end of a picce of thread unwound from the circle, 
the thread being kept tight. 


It may also be defined as a curve traced out by a point 
in a straight line which rolls along a circle. 


Problem 16: 
To draw an involute of a given circle (fig. 6-23). 





BR * Involute 
Fic. 6-23 


With centre C, draw the given circle, Let P be the 
starting point, ie. the end of the thread. 
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‚ Suppose the thread to be partly unwound, say upto a 
point 1. P will move to a position P, such that 1P, is tangent 


to the circle and is cqual to the arc 1P. P, will be a point 
on the involute. 


Construction: Draw a line PQ, tangent to the circle 
and equal to the circumference of the circle. 

Divide PQ, and the circle into 12 equal parts. 

Draw tangents at points 1, 2, 3 etc. and mark on them 
points Ру, Pa P, etc. such that 1P, = РІ”, 2P, = P2', 

Draw the involute through the points P, Pi, P5....etc. 
NORMAL AND TANGENT: 


The normal to an involute is tangent to the circle. 


Problem 17: 


То draw a normal and a tangent to the involute at a point N 
on it (fig. 6-23). à | 

Draw a line joining C and N. With CW as diameter 
describe a semi-circle cutting the circle at M. 


Draw a line through N and M; this line is the normal. 
Draw a line ST, perpendicular to NM and passing through 
N. ST is the tangent to the involute. 


Problem 18 (fig. 6-24): 


To trace the paths of the ends of a straight line AP, 10 ст (4) 
long, when it rolls, without slipping, on a semi-circle having its 
diameter AB, 7-5 cm (3") long. (Assume the line AP to be tangent 
to the semi-circle in the starting position). 


Draw the semi-circle and divide it into six equal parts. 
Draw the line AP and mark points 1, 2 etc. such that 41 = 
arc Al’, 42 = arc A2’ ctc. The last division 5P will be 
of a shorter length. On the semi-circle mark a point P' 
such that 5'P' = 5P. 

At points 1’, 2’ etc. draw tangents and on them, mark 


points P}, Pa etc. such that ГР, = IP, ЖРА De л: and 
5'P, = 5'P' = 5P; similarly, mark points 4,, dA, etc. such 


that 4,1' = 41, 432’ = 42....and АР = АР, Draw the 
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required curves through points P, P,....and P', and through 


A, 4,....and A’. 





Fic. 6-24 
If AP is an inelastic string with the end A attached to the 
semi-circle, the end P will trace out the same curve PP’, 
when the string is wound round the semi-circle. 





Fic. 6-25 


Fig. 6-25 shows the curve traced out by the end of a 
thread which is longer than the circumference of the circle 
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on which it is wound. Note that the tangent 1'P, = 1P, 
2 Pa =2P etc. and lastly 2'P'—2'P,, = 14Р. 
Evolute: 


APB is a given curve (fig. 6-26). О is the centre of a 
circle drawn through three points C, P and D on this curve. 
If the points C and D are moved to converge towards P, 
until they are indefinitely close together, then in the limit, 
the circle becomes the circle of curvature of the curve APB at P. 
The centre O of the circle of curvature lies on the normal to 
the curve at P. This centre is called the centre of curvature. 
The radius of the circle is called the radius of curvature at P. 
The locus of the centre of curvature of a curve is called the 
evolute of the curve. A curve has only one evolute. 





Fic. 6-26 Fic. 6-27 


Problem 19: 


To determine the centre of curvature at a given point on a conic 
(fig. 6-27). 
Let P be the given point on the conic and F, the focus. 


Join P and F. At P, draw a normal PW, cutting the 
axis at №. Draw a line WR perpendicular to PN and cutting 
PF or PF-produced at R. Draw a line RO perpendicular to 
PR and cutting PN-produced at О. Then О is the centre 
of curvature.of the conic at the point P. 

The above construction does not hold good when the 
given point coincides with the vertex. As the point P 
approaches the vertex, the points R, JV and O move nearer 
to one another, so that when P is at the vertex, the three 


points coincide on the axis. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 





` 


134 ELEMENTARY ENGINEERING DRAWING 


In a parabola, PF will be equal to ЁЁ; hence, when P 
is at V the vertex, the centre of curvature O is on the axis 
so that OF — VF. j 

In an ellipse or a hyperbola, the ratio of the distances 
of P from the foci is equal to the ratio of focal distances of NV, 

f a е = 

Е — XE Hence, when P coincides with V the ver- 

PF, NF, 

OF 


tex, the ratio becomes VE, == OF, 


1.е. 
Similarly, when P coinci- 


| ЕЕЕ os hh оК, 
des with the other vertex V,, the ratio become VF = OF : 


Problem 20: 


To determine the cenire of curvature О, when the point P is 
at the vertex V of a conic (fig. 6-28). 

(i) Parabola [fig. 6-28(7)]: Mark the centre of curvature 
O on the axis such that OF — VF. 

(ii) Ellipse: Method I [fig. 6-28(z)]: Draw a line АС 
inclined to the axis and equal to VF}. Produce АС to H 
so that GH = VF. Join H with F. Draw a line GO parallel 
to HF and intersecting the axis at О. Then О is the required 
centre of curvature. 





(2) (2) (їй) (20) 
Fic. 6-28 
| Method II [fig. 6-28(їй)]: Draw a rectangle AOCE 
in which AO — major axis and CO = $ minor axis. Join 
А with C. Through E, draw a line. perpendicular to AC 
and cutting the major axis at Оу and the minor axis at O,. 


Then О, and 0» are the centres of curvature when the point 
P is at А and C respectively. 
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(ui) Hyperbofa [fig.6-28(i))]: Draw a line FG inclined 
, to the axis and equal to FV,. On AG, mark a point H such 
that HG — VF. Join H with F. Draw a line GO parallel 
to HF and cutting the axis at O. Then O is the centre of - 
curvature at the vertex V. 


' Problem 21: 
To draw the evolute of an ellipse (fig. 6-29). 








(2) (ii) 
Fic, 6-29 


The ellipse with major axis АВ and minor axis CD is 
given. Mark a number of points on the ellipse. Determine 
the centres of curvatures at these points (as shown at the 
point P) and draw a smooth curve through them. This is 
the evolute of the ellipse. The evolute may sometimes 
go outside the ellipse as shown in fig. 6-29(4). The centres 
of curvature at points A and C are shown by method II. 


Problem 22: 
To draw the evolute of a parabola (fig. 6-30). 


Mark a number of points on the parabola and determine 
the centres of curvature at these points (as shown at the 
point P). Draw the evolute through these centres. Note 
that PF = ЕК. 


Problem 23: — 
To draw the evolute of a hyperbola (fig. 6-31). 


“, 
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Mark a number of points on the hyperbola and determine 
the centres of curvature at these points (as shown at the 
point P). Draw the evolute through these centres. То 





Fic. 6-30 Fic. 6-31 


obtain the centre of curvature at the vertex, the position of 
the other focus F} must be found. It is determined by making 
use of the following rule: 


The tangent at any point on the curve bisects the angle 
made by lines joining that point with the two foci, i.c. 
LF,QC = ZFQC. 


Problem 24: 


To draw the evolute of an involute of a circle (fig. 6-23). 


- In the involute of a circle, the normal NM at any point 
М is tangent to the circle at the point of contact M. Mis the 
centre of curvature at the point JV. Hence, the evolute of 
the involute is the circle itself. 


Problem 25: 


To draw the evolute of a cycloid (fig. 6-32). 


Mark a point P on the cycloid and draw the normal P/V 
to it (Prob. 11). Produce PW to Op so that VO, = PN. O, is 
the centre of curvature at the point P. Similarly, mark a 
number of points on the cycloid and determine centres of 
curvature at these points. The curve drawn through these 
centres 1з the evolute of the cycloid. It is an equal cycloid. 


*, 
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Problem 20: 


To draw ihe evolute of an epicycloid (fig. 6-33). 


Mark a point P on the epicycloid and draw the normal 
PN to it (Prob. 14). Draw the diameter PQ of the rolling 
circle. Join Q with О, the centre of the directing circle. 
Produce РМ to cut QO at Op, which is the centre of curvature 
at the point P. Mark a number of points on the epicycloid 
and similarly, obtain centres of curvature at these points. 
The curve drawn through these centres is the evolute of the 
cpicycloid. 





Fic. 6-32 Fic. 6-33 


Through Op, draw a line, perpendicular to POf and 
intersecting the line joining C (the centre of the rolling circle) 
with O at a point R. The evolute is the epicycloid of the 
circle of diameter NR, rolling along the circle of radius OR. 


Problem 27: j 
To draw the evolute of a hypocycloid (fig. 6-34). 


Mark a point P on the hypocycloid and draw the normal 
PN to it (Prob. 14). Draw the diameter РО, of the rolling 
circle. Join 0, with C, the centre of the directing circle. 
Produce PN to cut OQ-produced at Of, which: is the centre 
of curvature at the point P. Mark a number of points on the 
hypocycloid and similarly, obtain centres of curvature at 
these points. The curve drawn through these centres is the 


evolute of the hypocycloid. 
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Through Ор, draw a line, perpendicular to POp and 
intersecting OC-produced at a point R. The evolute is the 
hypocycloid of the circle of diameter NR rolling along the 
circle of radius OR. 





A 





2 \ | : 
NL 
МД 

Fic. 6-34 


Spiral: If a line rotates in a plane about one of its 


. ends and if at the same time, a point moves along the line 


continuously in one direction, the curve traced out by the 


moving point is called a spiral. The point about which the 
line rotates is called a pole. 


The line joining any point on the curve with the pole is 
called the radius vector and the angle between this line and 
the line in its initial position is called the vectorial angle.. 
Each complete revolution of the curve is termed the convolu- 


поп. A spiral may make any number of convolutions be- 
fore reaching the pole. | 


Archemedian spiral: It is а curve traced out. by a 
point moving in such a way that its movement towards or 


away from the pole is uniform with the i 
ncrease of the vecto- 
rial angle from the starting line. 


à > NS 
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“Problem 28: 


To construct an Archemedian spiral of 1} convolutions, given 
the greatest and the shortest radii (fig. 6-35). 


| 





Archemedian spiral 
Fic. 6-35 


Let О be the pole, OP thc greatest radius and 00, the 
shortest radius. | 

With centre O and radius equal to OP, draw a circle. 

ОР revolves around O for 1$ revolutions. During this 

period, P moves towards О, the distance equal to (OP — 0Q) 

ic. PQ. 3 T 4 

‘vide the angular movement of OP, viz. 14 revolutions E 

i.e 540° Sad the line PQ into the same number of equal E 

parts mw 18 (one revolution divided into 12 equal parts). гей 
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When the line OP moves through one division, i.e. 30°, 
the point P will move towards O by a distance equal to one 


division of PQ to a point Pj. 

To obtain points systematically, draw arcs with centre 
О and radii O1, 02, 03 etc. intersecting lines О1, 02’, 03’ 
etc. at points P}, Ps, Рз etc. respectively. 

In one revolution P will reach the 12th division along 


PQ and in the next half revolution it will be at the point Po 
on the line 0-18". 


Draw a curve through points P, P4, Р,....Ро; this 
curve is the required Archemedian spiral. 


NORMAL AND TANGENT: 


The normal to an Archemedian spiral at any point is a 
tangent to the circle, having the pole as its centre and a 
radius equal to the constant of the curve. 


The constant of the curve is equal to the difference 
between the lengths of any two radii divided by the circu- 
lar measure of the angle between them. 


OP and OP, (fig. 6-35), are two radii making 90? angle 


T ed: 
between them; but 90° = 2 1-57, in circular measurc. 


Therefore, the constant of the согус (== eee 


4 —— 


Problem 29: 


7 qu E s normal to the Archemedian spiral at a point N on 


With centre O and radius equal to C, draw a circle. 
Draw a line NM, tangent to this circlc. 
Then WM is the normal to the spiral. 


Draw a line ST through JV and perpendi | л 
ST is the tangent to the spiral. p Белое ар tO NM, 
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Problem 30: 


A link 22-5 cm (9") long, swings on a pivot О from its verli- 
cal position of rest to the right, through an angle of 75° and returns 
to its initial position at uniform velocity. During that period, a 
point P moving at uniform speed along the centre line of the link from 
a point at a distance of 2:5 cm (1") from O, reaches the end of the 
link. Draw the locus of the point P (fig. 6-36). 





Fic. 6-36 


Draw a vertical line OA, 22:5 cm (9") long. With 
centre O and radius equal to OA, draw an arc. Draw a line 
OB making / АОВ equal to 75° and cutting the arc at В. 

Mark a point P along ОА and at a distance of 2-5 cm 
(1") from O. 

Divide the angular movement of the link and the line 
PA into the same number of equal parts, say 8. 

The end A of the link moves to B and returns to its 
original position. Hence, the arc AB must be divided into 
four equal parts. 

ji draw arcs 

With centre О and radii 01, 02, 03 etc., 
intersecting lines 01’, 02', 03' etc. at points P,, Ps, Pg etc. 
respectively. 
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Draw a curve through P, Р,,....Р,....А; this curve 
is the locus of the point P. 

Cam: A cam is a machine-part which, while rota- 
ting at uniform velocity, imparts reciprocating linear motion 
to another machine-part called a follower. The motion 
imparted may be either uniform or variable, depending 
upon the shape of the cam profile. 

The shape of the cam to transmit uniform linear motion 
is determined by the application of the principle of Arche- 
median spiral, as shown in the following problem: 


Problem 31: 


Draw the shape of a cam io give a, uniform rise and fall of 5 cm 
(2") to a point, during each revolution of the cam. Diameter of 
the shaft = 5 cm (2"); least radius of the cam = 5 cm (2") 
(fig. 6-37). : 





Fic. 6-37 
Draw a circle (for the shaft) with centre O. 
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: With the same centre and radius OB equal to 5 cm 
(2 ) (the least radius to the cam), draw another circle. 


Produce OB to C making BC equal to 5 cm (2") (the 
rise of the point). The point is to be uniformly raised during 
$ revolution of the shaft. Therefore, divide BC and angle 
180° into the same number of equal parts, say 6. 


Obtain points P}, Р, ctc. as іп Archemedian spiral and 
draw the curve through them. 


The point is to fall the same distance during the same 
period; hence, the curve will be exactly of the same shape 
as for the rise. 


The followers are generally provided with rollers to give 
smooth working. In such cases, the profile of the cam is 
designed initially, to transmit motion to a point (the centre 
of the roller) and then, a parallel curve is drawn inside it 
at a distance equal to the radius of the roller. This is done 
by first drawing a number of arcs with points on the curve 
as centres and radius equal to the radius of the roller, and 
then drawing a smooth curve touching these arcs, as shown 
in fig. 6-37. 


Logarithmic or Equiangular spiral: 


In a logarithmic spiral, the ratio of the lengths of consecu- 
tive radius vectors enclosing equal angles is always constant. 
In other words, the values of vectorial angles are in arithme- 
tical progression and the corresponding values of radius 
vectors arc in geometrical progression. The logarithmic 
spiral is also known as equiangular spiral because of its property 
that the angle which the tangent at any point on the curve 
makes with the radius vector at that point is constant. 


Problem 32: : 
To consiruct а logarilhmic spiral of one convolution, given the 


‚ length of the shortest radius and the ratio of the lengths of radius 


vectors enclosing an angle 0 (fig. 6-38). 


Let the shortest radius be 1 cm long, 0 equal to 30° and 


. 10 
the ratio 9° 
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The lengths of radius vectors are determined from the 
scale which is constructed as shown below. 


Draw lines AB and AC [fig. 6-38(2)] making an angle of 
30? between them. On AB, mark AD, 1 cm long. On 


: 10 10 
AC, mark a point E such, that AE =) x l cm = — cm. 


9 
Join D with E. 







p „8 


W 


(й) 


| Гіс. 6-38 


. With centre А and radius AE, draw ап arc cutting АВ 
at a point 1. Through 1, draw a line 1-1’ parallel to DE 
and cutting AC at l'. Again, with centre A and radius Al’ 

, draw an arc cutting AB at 2 Through 2, draw a line 2-2’, 
parallel to DE and cutting AC at 2’ Repeat the construction 


and obtain points 3, 4....12. Al, A2 etc. are the lengths 
of consecutive radius vectors. 


Draw a horizontal line OQ , and on it mark OP, 1 cm 


long [fig. 9-98(7)]. Through O, draw radial lines making 


о 
30 | angles between two consecutive lines. These are the 
radius vectors. 


Mark points Bo Ra. Pon ive radi 
» “g--+-4 49 OD consecutive radius vectors 

such that OP, = A1, OP, = 42....0P,, = A-12. 
_ Draw а smooth curve through PyP3....P5; this curve 
is the required logarithmic spiral. 


o W equation to the logarithmic spiral is r = a9, where 7 
is the radius vector, 0 is the vectorial angle and a is a constant. 
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Hence, log r — 0 log a. 
If 0 —0, logr=0 .. r=]. 


When 0 = 30? -6 radians, r — = x l= E 
| log ы = “log a 
| 0 qe 
| . ise 6 10 
| "de ова = log 9 


| iM à а = 1-22. 
| Problem 33: 


| To draw a normal and a tangent at a given point N on the 
| logarithmic spiral in Prob. 32 [fig. 6-38(1)]. 

| The value of the tangent to the constant angle is 
| obtained by the formula 


| tang = loge where e = 2:718 
| log; 
| а ог 
| l.c. tang = б ча 10 
| x > 9 
« == 78°-38'. 


| 
| 
| 
| 
| 
| 
| 
| 
| 


Join N with O. Draw a line VT making an angle of 
79°38’ with WO. NT is the required tangent. NR drawn 


perpendicular to JV7 is the normal to the spiral. 
| \ 


EXERCISES VI 


(1) Draw a straight line 4B of any length. Mark a point 

F, 6:5 cm (21") from AB. Trace the paths of a point P moving 
in such a way, that the ratio of its distance from the point F, to its 
distance from AB is (i) 1 (ii) 3 (iii) $- Plot at least 8 points. Name 
each curve. Draw a normal and a tangent to each curve at a 

i it, 5 cm (2") from F. 

жату А fixed E is 7:5 cm (3") from a fixed straight line. 

- Draw the locus of a point P moving in such a way that its distance 
from the fixed straight line is (i) twice its distance from the fixed 
point ; (ii) equal to its distance from the fixed point. Name the 


Curves. 
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(3) The vertex of a hyperbola is 6:5 cm (24”) from its focus. 
Draw the curve if the eccentricity is 3. Draw a normal and a 
tangent at a point on the curve, 7:5 cm (3") from the directrix. 

(4) The major axis of an ellipse is 15 cm (6") long and the 
minor axis is 10 cm (4") long. Find the foci and draw the cllipse - 
by ‘arcs of circles’ method. Draw a tangent to the ellipse at a 
point on it 2-5 cm (1") above the major axis. 

(5) The foci of an ellipse are 9 cm (3$) apart and the 
minor axis is 6:5 cm (21") long. Determine the length of the 
major axis and draw half the ellipse by concentric-circles method 
and the other half by oblong method. Draw a curve parallel to 
the ellipse and 2:5 cm (1^) away from it. 

' (6) The major axis of an ellipse is 10 cm (4") long and the 
{осі are at a distance of 1:6 cm ($^) from its ends. Find the 
minor axis. Prepare a trammel and draw the ellipse using the same. 

(7) Two fixed points A and В are 10 cm (4^) apart. Trace 
the complete path of a point P moving (in the same plane as that 
of A and B) in such a way that, the sum of its distances from 
A and B is always the same and equal to 12:5 cm (5". Name 
the curve. Draw another curve parallel to and 2:5 cm (1") away 
from this curve. 

(8) Inscribe an ellipse in a parallelogram having sides 
15 cm (6") and 10 cm (4^) long and an included angle of 120°. 

(9) Two points А and В are 10 cm (4") apart. A point 
C is 7-5 cm (3") from A and 6 cm (23") from В. Draw an ellipse 
passing through А, В and C. | 

(10) Draw a rectangle having its sides 12-5 cm (5") and 
7-5 cm (3") long. Inscribe two parabolas in it with their axes 
bisecting each other. 

(11) A ball thrown up in the air reaches a maximum height 
of 45 metres (150 ft) and travels a horizontal distance of 75 metres 
(250 ft). "Trace the path of the ball, assuming it to be parabolic. 

(12) A point P is 3 cm (11") and 5 cm (2") respectively 
from two straight lines which are at right angles to cach other. 


Draw a rectangular hyperbola from P within 1:2 cm (1^) distance 
from each line. 3 


— (13) Two straight lines 04 and OB make an angle of 75? 
between them. P is a point 4.cm (11^) from OA and 5 cm (2") 


from ОВ. Draw a hyperbola through P, with ОА and OB as 
asymptotes, marking at least ten points. 
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(14) Two points А and В are 5 cm (2") apart. Draw the 
curve traced out by a point P moving in such a way that the 
difference between its distances from 4 and B is always constant 
and equal to 2 cm (2"). j| 


| (15) A circle of 5 cm (2") diameter rolls along a straight 
line without slipping. Draw a curve traced out by a point P on 
the circumference, for one complete revolution of the circle. 
Name the curve. Draw a tangent to the curve at a point on it 
4 cm (11") from the line. 


(16) Two points Q and S lie on a straight line through the 
centre C of a circle of 5 cm (2") diameter, rolling along a fixed 
straight line. Draw and name the curves traced out by the 
points Q and S during one revolution of the circle. CQ — 
2 cm (27); CS = 3:5 cm (1$^). 

(17) A circle of 5 cm (2") diameter rolls on the circum- 
ference of another circle of 17-5 cm (7") diameter and outside it. 
Trace the locus of a point on the circumference of the rolling 
circle for one complete revolution. Name the curve. Draw 
a tangent and a normal to the curve at a point 12-5 cm (5*) from 
the centre of the directing circle. 


(18) Construct a hypocycloid, rolling circle 5 cm (2^) 
diameter and directing circle 17-5 cm (7") diameter. Draw 
a tangent to it at a point 5 cm (2") from the centre of the 
directing circle. 

(19) A circle of 11-5 cm (4}") diameter rolls оп another 
circle of 7-5 cm (3") diameter with internal contact. Draw the 
locus of a point on the circumference of the rolling circle for its 
one complete revolution. 

(20) A circle of 5 cm (2") diameter rolls on another circle 
of 17-5 cm (7") diameter. Draw and name the curves traced 
out by two points Q and S lying on a straight line through the 
centre G of the rolling circle and respectively 2 cm (#") and 3-5 
cm (1§”) from it, when it rolls (i) outside and (ii) inside the other 


circle. 
(21) Show by means of a drawing that when the diameter 


of the directing circle is twice that of the generating circle, the 


hypocycloid is a straight line. Take the diameter of the gene- 
rating circle equal to 5 cm (2^). 


, 
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(22) A circle of 5 cm (2") diameter rolls on a horizontal 
line for a half revolution and then on a vertical line for another 
half revolution. Draw the curve traced out by a point P on the 
circumference of the circle. 

(23) Draw an involute of a circle of 4 cm (127) diameter. 
Also, draw a normal and a tangent to it at a point 10 cm (4^) 
from the centre of the circle. 

(24) AB is a rope 1-6 metres long, tied to a peg at 7 (fig. 
6-39). Keeping it always tight, the rope is wound round the 
pole O. Draw the curve traced out by the end 4. Scale 
ry full size. 





lic. 6-39 


(25) An inelastic string 14-5 cm (5}”) long, has its one 
end attached to the circumference of a circular disc of 4 cm (121^) 


diameter. Draw the curve traced out by the other end of the 


string, when it is completely wound around the disc, keeping the 
string always tight. 

(26) Draw a circle with diameter AB equal to 6:5 cm (21^). 
Draw a line AC 15 cm (6") long and tangent to the circle. Trace 
the path of 4, when the line AC rolls on the circle, without 
slipping. 

(27) Draw an Archemedian spiral of two convolutions, the 
greatest and the least radii being 11-5 cm (41") and 1-5 cm (4^) 
respectively. Draw a tangent and a normal to the spiral at a 
point, 6:5 cm (23^) from the polc. 

(28) A point P moves towards another point O, 7:5 cm 
(3") from it and reaches it while moving around it once, its move- 


ment towards О being uniform with its movement around іё. 
Draw the curve traced out by the point P. 


; (29) А link OA, 10 cm (4") long rotates about О in an 
anti-clockwise direction. А point P on the link, 1-5 cm (1^) 
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away from О, moves and reaches the end А, while the link has 
rotated through $ of a rcvolution. Assuming the movements of 
the link and the point to be uniform, trace the path of the point P. 


(30) Draw. a cam to give the following uniform motions to 
a point: Rise 4 cm (14°) in 90°. In upper position for 75°. 
Fall the same distance in 120°. In lower position for the remain- 
ing period of the revolution. Diameter of shaft = 5 cm (2^). 
Least metal = 2 cm (2^). 


"o o P ——X = opo Ram "oat 


ass scans anmes m 


(31) Draw the shape of the cam to give the same motions 
as in Ex. 30, to a roller of 2-5 cm (1") diameter. | 

(32) А point is raised by a cam uniformly 2:5 cm (1^) in 
3 of a revolution; kept at the same height for $ of the revolution; 
then allowed to drop through 1 cm (3^) height and remain there 
for 1 of the revolution; lowered uniformly to its original position 
in } of the revolution and kept there for the rest of the revolution. 
Draw the shape of the cam. Diameter of shaft = 4 cm (147). 
Least metal = 2:5 cm (1^). ; 

(33) A circle of 4-5 cm diameter rolls on the inside of a circle 
of 9 cm diameter. А point P lies within the rolling circle at a 
distance of 1-5 cm from its centre. Trace the path of the point 
P for one revolution of the circle. | 

(34) The distance between the foci of an ellipse is 10 cm 
and the minor axis is 6:5 cm long. Draw the evolute of the ellipse. 

(35) Draw thc evolutes of the two curves, the data of which 
is given in Ex. 2. : 

(36) Construct the evolute of the hyperbola whose data 
is given in Ex. 3. 

(37) Draw the evolute of the cycloid obtained in Ex. l5. 

(38) Draw the epicycloid and hypocycloid, when the generat- 
ing circle and the directing circle are of 5 cm and 17-5 cm dia- 
meters respectivcly. Construct the evolutes of the two curves. 

(39) In a logarithmic spiral, the shortest radius is 4 cm. 
The lengths of adjacent radius vectors enclosing 30* are in the 
ratio of 9:8. Construct one convolution of the spiral. Draw 
a tangent to the spiral at any point on it, 


ee sss 
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Practical Solid Geometry or Descriptive Geometry deals with 
the representation of points, lines, planes and solids on a 
flat surface (such as a sheet of paper), in such a manner that 
their relative positions and true forms can be accuratciy 
determined. 

Projection: If straight lines are drawn from various 
points on the contour of an object to meet a plane, the object 
is said to be projected on that plane. The ‘figure formed by 
joining, in correct sequence, the points at which these lines 
meet the plane, is called the projection of the object. The 
lines, from the object to the plane, arc called projeciors. 

Orthographic projection: When the projectors are 
parallel to each other and also perpendicular to the plane, 
the projection is called an orthographic projection. 







PLANE 





PROJECTIC 


PROJECTORS 





Га (0) 


-RAYS OF SIGH) 
Fic. 7-1 


Imagine that a person looks at the block [fig. 7-1(a)] 
from a theoretically infinite distance, so that the rays of sight 
from his eyes are parallel to one another and perpendicular 
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to the front surface F. The view of this block will be the 
shaded figure, showing the front surface of the object in its 
true shape and proportion. 


If these rays of sight are extended further to meet per- 
pendicularly a plane (marked V.P.) set up behind the block, 
and the points at which they meet the plane are joined in 
proper sequence, the resulting figure (marked Æ) will also 
be exactly similar to the front surface. This figure is the 
projection of the block. The lines from the block to the 
plane are the projectors. As the projectors are perpendi- 
cular to the plane on which the projection is obtained, it is 
the orthographic projection. The projection is shown scpa- 
rately in fig. 7-1(6). It shows only two dimensions of the 
block viz. the height H and the width W. It does not show 
the thickness. Thus, we find that only one projection is 
insufficient for complete description of the block. 


Let us further assume that another plane marked H.P. 
[fig. 7-2(a)] is hinged at right angles to the first plane, so 
that the block is in front of the V.P. and above the H,P. 
The projection on the H.P. (figure P) shows the top surfaces 
of the block. If a person looks at the block from above, he 
will obtain the same view as the figure Р. It shows the width 
W and the thickness 7 of the block; it however does not 
show the hei-ht of the block. 


One. of the planes is now rotated or turned around on 
the hinges so that it lies in extension of the other plane. 
This can be done in two ways: (i) by turning the У.Р. іп 
direction of arrows 4 or (ii) by turning the H.P. in direc- 
tion of arrows B. The Н.Р. when turned and brought in 
line with the V.P. 15 shown by dashed lines. The two pro- 
jections can now be drawn on a flat shect of paper, in correct 
relationship with cach other, as shown in fig. 7-2(b). When 
studied togcther, they supply all information regarding the 
shape and the sizc of the block. Any solid may thus be 


represented by means of orthographic projections or ortho- 
graphic vicws. 


Planes of projection: The two planes employed 
for the purpose of orthographic projections are called 
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Reference planes ov Principal planes of projection. They intersect 
each other at right angles. The vertical plane of projection 
(in front of the observer) is usually denoted by the letters 
V.P. The other is the horizontal plane of projection known 
as the H.P. The line in which they intersect is termed the 





Fic. 7-2 


ground line and is denoted by letters xy.” The projection on 
the V.P. is the front elevation of the object and is commonly 
known as only elevation; while that on the H.P. is called the 
plan. The elevation is thus another name for front view; 
similarly, the plan is another name for lop view. 


Four quadrants: When the lanes of projection are 
extended beyond the line of EA m ^ ori four 
quadrants or dihedral angles which may be numbered as 
in fig. 7-3. The object may be'situated in any one of the 
! quadrants, its position relative to the planes being described 
а сарохе or below the H.P.’ and ‘in front of or behind the 
Vf. The planes are assumed to be transparent. The 
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projections arc obtained by drawing perpendiculars from the 
object to the planes, i.c., by looking from the front and from 
above. They are then shown on a flat surface by rotating 
onc of the planes as already explained. It should be remem- 
bered that the first quadrant is always opened out while 
rotating the planes. The positions of the vicws with respect 
to the ground line will change according to thc quadrant 
in which the object may be situated. This has been explained 
in detail in the next chapter. ) 


p 






ALWAYS 
FIRST QUADRANT 
TO BE OPENED 


, BELOW 
' BEHIND V. 


Fig. 7-3 


First-angle projection: We have assumed the object 
to be situated in front of the V.P. and above the H.P. i.e. 
in the first quadrant and then projected it on these planes. 
This method of projection is known as first-angle projection 
method. The object lies between the observer and the planc 
of projection. In this method, when the views are drawn 
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in their relative positions, the plan comes below the elevation. 
In other words, the view seen from above is placed on the 
other side of (i.c. below) the elevation. Each projection shows 
the view of that surface (of the object) which is remote from 
the plane on which it is projected and which is nearest to 
the observer. 


Third-angle projection: In this, method of projec- 
tion, the object is assumed to be situated in the third quadrant 
[fis. 7-4(:)]. The planes of projection are assumed to be 
transparent. They lie between the object and the observer. 
When the observer views the object from the front, the rays 
of sight intersect the V.P. The figure formed by joining the 





V.P. ELEVATION 


; 3: 
y Fic. 74 , e 
points of intersection in correct sequence is the front view 
or the elevation of the object. The top view or the plan is 
obtained in a similar manner by looking from above. When 
the two planes are brought in line with each other, the views 
will be seen as shown in fig. 7-4(ti). The plan in this case 
comes above the elevation. In other words, the view seen 
from above the object is placed on the same side of (i.c. above) 
the elevation. Each projection shows the view of that 
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surface (of the object) which is nearest to the plane on which 
it is projected. 


On comparison, it is quite evident that the views obtained 
by the two methods of projection are completely identical in 
shape, size and all other details. The difference lies in their 
relative positions only. 


The method of firstangle projection is the British 
standard practice. The  third-angle projection is the 
standard practice followed in America and in the continent 
of Europe. In our country, till recently, the first-angle 
projection method was in use. The Indian Standards Institu- 
tion has recommended the adoption of third-angle projection 
method as a standard practice in our country and hence, it 
is fast coming in gencral use. Persons in engineering pro- 
fession may come across drawings from countries following 
any one method. It is, therefore, necessary for them to be 
conversant with both the methods. 


In this edition of the book, the third-angle projection method has 
been adequately introduced. Both the methods are treated side by 
side. However, when nothing is stated, the projections should be 
assumed to be by first-angle projection method. 


Ground line: Studying the projections independently, 
it can be seen that while considering the elevation (fig. 7-5), 
which is the view as seen from the front, the H.P. coincides 





First-angle proj. Third-angle proj. 
Fic. 7-5 


with the line ху. In other words, xy represents the H.P. 
Similarly, while considering the plan (fig. 7-6), which is the 
view obtained by looking from above, the same line xy re- 
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presents the V.P. Hence, when the two projections are 
drawn in correct relationship with cach other (fig. 7-7), xy 
represents both the H.P. and the V.P. This line xy is called 





[32 














First-angle projection Third-angle projection 
| Fic. 7-6 
a 
ELEVATION 
ID UL 
| PLAN c. ELEVATION 
| (2) (ii) 
First-angle projection Third-angle projection 
Fic. 7-7 


E ground line. The squares or rectangles for individual 
planes are thus unnecessary and may, therefore, be discarded. 





Further, in first-angle Projection method, the H.P. is 
always assumed to be so placed as to coincide with the 
ground on or above which the object is situated. Hence, 
in this method, the line Xy 18 also the line for the ground. 


| 
P 
Ч 
> 
E 
els 
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In third-angle projection method, the H.P. is assumed 
to be placed above the object. The object may be situated 
on or above the ground. Hence, in this method, the line xy 
docs not represent the ground. The line for the ground, 
denoted by letters GL, may be drawn parallel to xy and 
below the elevation [fig. 7-7(i)]. 


In brief, when an object is situated on the ground, 
in first-angle projection method, the bottom of its 
elevation will coincide with xy; in third-angle projection 
method, it will coincide with GL, while xy will be 
above the elevation and parallel to GL. 


Conventions employed: In this book, actual points, 
ends of lines, corners of solids etc. in space are denoted by 
capital letters A, B, C etc. Their plans are marked by corres- 
ponding small letters a, b, c etc. and their elevations by small 
letters with dashes a’, b’, c’ etc. In pictorial views, the pro- 
jectors from the points in space to the planes are shown by 
dashed lines. The lincs from the projections to the ground 
line xy (which are also called projectors, though they are the 
projections of the projectors) are shown as dash and dot 
lines. In orthographic views, the projectors and other con- 
struction lines are shown continuous, but thinner than the 
lines for actual projections. 
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A point may be situated, in space, in any one of the 
four quadrants formed by the two principal planes of pro- 
jection or may lie in any onc or both of them. Its projec- 
tions are obtained by extending projectors perpendicular 


to the planes Опе of the planes is then rotated so that the 


first quadrant is opened out. The projections are shown 
on a flat surface in their respective positions cither above 
or below or in xy. 






By 


> ш 
a 





| 
| 
| 
| A 
V O (i) 
Fic. 8-1 
The pictorial view [fig 8-1(7)], shows 
1 : 5 a point A, situ- 
ated above the H.P. and in front of the V.P., е in the first 


quadrant. a’ is its elevation and a, the plan. After rota- 
tion of the plane, these projections will be seen as shown in 
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fig. 8-l(i). The elevation a’ is above xy and the plan a 
below it. The line joining a’ and a (which also is called a 
projector), intersects xy at right angles at point о. It is quite 
cvident from the pictorial view that a'o = Aa, i.c., the dis- 
tance of the elevation from xy = the distance of A from the 
Н.Р. viz. Л. Similarly, ao = Aa’, i.c., the distance of the 
pian from xy = the distance of A from the V.P. viz. d. 





Fic. 8-2 Fic. 8-3 


hind the 
A point B (fig. 8-2) is above the H.P. and be 
V.P. 09 іп үк second quadrant. 6’ is the elevation and 5 
the plan. When the planes are rotated, both the views are 
seen above xy. Note that b'o = Bb and bo = Bb. 


int С (fig. 8-3) is below the Н.Р. апа behind the 
V.P is E d third quadrant. Its elevation c' is below xy 
and plan c above xy. Also c'o = Cc and co = Сс. 


* - A f 

int E (fig. 8-4) is below the H.P. and in front О 

the SOR аз. z the fourth quadrant. Both its projections 
are below xy, and e'o = Ee and eo = Ee. ; 
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Referring to fig. 8-5, we sce that, 


(i) A.point P is in the H.P. and in front of the V.P. 
Its clevation f' is in xy and plan p below it. 


(ii) A point Q is in the V.P. and abovc the Н.Р. Its 
plan g is in xy, and clevation д above it. 

(iii) A point О is in both the H.P. and the V.P. Its 
projections о and о’ coincide іп ху. 








Fic. 8-4 
General conclusions: 
(i) The line joining the plan and the elevation of a 


point is always perpendicular to X). It is called a projector. 


= (ü) When a point is above the H.P., its elevation 
is above xy ; when it is below the H.P., the elevation is below 
xy. The distance of a point from the H.P. is shown by the 
length of the projector from its elevation to xy, e.g. a'o, b'o etc. 
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(iii) When a point is in front of the V.P., its plan is- 
below xy; when it is behind the V.P., the plan is above xy. 
The distance of a point from the V.P. is shown by the length 
of the projector, from its plan to xy, e.g. ao, bo etc. 


(iv) When a point is in a reference plane, its projection 
on the other plane is in xy. 


Problem 1: 


А point A is 2-5 cm (1^) above the Н.Р. and 3 cm (143^) -in 
Jront of the V.P. Draw its projections. 


Draw a ground line xy [fig. 8-1(i)]. 
Through any point o in it, draw a perpendicular. 


Аз the point is above the Н.Р. and in front of the V.P. 
its elevation will be above xy and the plan below xy. 

On the perpendicular, mark a point a’ above xy, such 
that a'a = 2-5 cm (1^). Similarly, mark a point a below 
xy, so that ao = 3 cm (11^. 

a' and a are thc required projections. 


EXERCISES VIII 


(1) Draw the projections of the following points on the 
same ground line, keeping the projectors 2-5 cm (1^) apart: 
A, in the H.P. and 2 cm (3^) behind the V.P. 
D, 4 cm (11") above the H.P. and 2-5 cm (1^) in 
front of the V.P. 
C, in the V.P. and 4 cm (14) above the H.P. 
D, 9:5 cm (1^) below the Н.Р. and 2:5 cm (1°) 
behind the V.P. 
E, 1-5 cm (f) above the Н.Р. and 5 cm (2") behind 
the V.P. 
F, 4cm (11") below the Н.Р. and 2:5 cm (1^) in front 
of the V.P. 
G, in both the H.P. and the V.P. 
(2) A point P is 5 cm (2") from both the reference planes. 
Draw its projections in all possible positions. 
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(3) State the quadrants in which the following points are 
situated: ! 
(a) A point P; its plan is 4 cm (14”) below xy; the ele- 

vation is 2 cm (2") above the plan. 

(b) A point 0, ; its projections coincide with each other 
4 cm (12^) above ху. 

(4) Projections of various points are given in fig. 8-6. State 
the position of each point with respect to the planes of projection, 
giving the distances in centimetres. 





Fic. 8-6 


(5) А point Р is 1-5 cm ($”) above the Н.Р. and 2 cm 
(1^) in front of the V.P. Another point О is 2:5 cm (1”) behind 
the V.P. and 4 cm (13") below the H.P. Draw the projections 
of P and 0, keeping the distance between their projectors equal 
to 9 cm (32°). Draw straight lines joining (i) their plans and 
(ii) their elevations. 


(6) Two points A and B are in the Н.Р. The point 4 is 
3 cm (14") in front of the V.P., while B is behind the V.P. The 
distance between their projectors is 7-5 cm (3") and the line join- 
ing their plans makes an angle of 45? with xy. Find the distance 
of the point B from the V.P. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


CHAPTER 1X 
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A straight line is the shortest distance between two 
points. Hence, the projections of a straight line may be 
drawn by joining the respective projections of its ends which 
are points. 

The position of a straight line may also be described 
with respect to the two reference planes. It may be: 


(i) Parallel to one or both the planes. 

(ii) Contained by onc or both the planes. 

(iii) Perpendicular to onc of the planes. 

(iv) Inclined to one plane and parallel to the other. 
(v) Inclined to both the planes. 





First-angle projection 
Fic. 9-1(2) 


e Г 


= 
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1. Straight line parallel to one or both the planes: 


[figs. 9-1(7) and 9-1 (22) ]. 


-——— À em | —-€ m m o eee ее 
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Ыр 
| - 
с 
Third-angle projection | 
Ес. 9-1(i) | 
i 
(a) Line AB is parallel to the H.P. | 
| а and b are the plans of the ends A and B respectively. | 
| The line joining а and b is the plan of AB. It сап be clearly | 
| seen that the figure ABba is a rectangle. Hence, the plan 
ab is equal to AB. 
a'b’ is the elevation of AB and is parallel to х7. 
(b) Line CD is parallel to the V.P. 
The line c'd' is the elevation and is equal to CD; the 
plan cd is parallel to xy. 
(c) Line EF is parallel to the Н.Р. and the V.P. 
ef is the plan and e'f’ is the elevation; both are equal 
to EF and parallel to xy. 
Hence, when a line is parallel to a plane, its projection 


on that plane is equal to its true length; while its projection 
on the other plane is parallel to the ground line. 
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2. Line contained by one or both the planes: 
[figs. 9-2(7) and 9-2(ii)]. 





First-angle projection 
Fic. 9-2(2) 





Third-angle projection 
Fic. 9-2(22) 
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Line AB is in the H.P. ‘Its plan ab is equal to АВ; its 
elevation a'b’ is in xy. ae 

‘Line CD is in the V.P. Its elevation cd 15 equal to 
CD; its plan cd is in xy. 


Line EF is in both the planes. Its elevation e'f’ and 


the plan ef coincide in x). 

Hence, when a line is contained by a planc, its projec- 
tion on that plane is equal to its true length; while its projec- 
tion on the other plane is in the ground linc. 


3. Line perpendicular to a plane: (fig. 9-3). 
When a line is perpendicular to one reference plane, 
it will be parallel to thc other. 





First-angle Third-angle 
projection projection 
Fic. 9-8 


‚ (а) Line AB is perpendicular to the Н.Р. The plans 
of its ends coincide in point a. Hence, the plan of the line 


AB is the point а. Its elevation a'b’ is equal to АВ and per- 
pendicular to ху. 


(b) Line CD is perpendicular to the V.P. The point 


d' is its elevation and the line cd is the plan. cd is equal ` 


to CD and perpendicular to xy. 
Hence, when a line is perpendicular to a plane its 
projection on that plane is a point; while its projection on 


the other plane is equal to its true length and СШ 
to the ground line. ы auc perpendicu ш i 
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In first-angle projection method, when plans of two or 
morc points coincide, the point which is comparatively 
farther away from xy in elevation will be visible; and 
when their elevations coincide, that which is farther away 
from xy in plan will be ‘visible. 


In third-angle projection method, it is just the reverse. 
When plans of two or more points coincide, the point which 
is comparatively nearer xy in elevation will be visible; and 
when their elevations coincide, the point which is nearer xy 
in plan will be visible. : 


4. Line inclined to one plane and parallel to the 
other: 


The inclination of a line to a plane is the angle which the line 
makes with its projection on that plane. 

(a) Line PQ, [fig. 9-4(7)] is inclined at an angle 0 to 
the H.P. and is parallel to the V.P. The inclination is 
shown by the angle 0 which PQ, makes with its own projec- 
tion on the H.P., viz. the plan fq. 





(à) 


Fic. 9-4 


. a es [ - first 

The projections [fig. 9-4((7)] may be drawn by 
assuming пс line to be parallel to both the H.P. and the 
V.P. Its elevation p’q’ and the plan pg will both be parallel 
ito xy and equal to the true length. When the line is turned | 
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about the end P to the position PQ, so that it makes the angle 
0 with the Н.Р. while remaining parallel to the V.P., in the 
elevation, the point 4 will move along an arc drawn with 
р' as centre and p’q’ as radius to a point 4, so that b’q,' makes 
the angle 0 with xy. In the plan, g will move towards f 
along pg, to a point фу on the projector through @,. p'q,’ 
and fg, are the elevation and the plan respectively of PQ. 

(b) Line RS, [fig. 9-5(@)] is inclined at an angle 
ф to the V.P. and is parallel to the Н.Р The inclination 
is shown by the angle $^ which RS, makes with it projection 





(i) 
Fic. 9-5 


on the V.P., viz the elevation r5,. Assuming the line to be 
parallel to both the H.P. and the V.P., its projections r's’ 
and rs are drawn parallel to xy and equal to its true length 
[fig. 9-5(й)]. When the line is turned about its end Ё 
to the position RS, so that it makes the angle ф with the V.P. 
while remaining parallel to the H.P., in thc plan, the point 
5 will move along an arc drawn with r as centre and rs as 
radius, to a point sı so that rs, makes the angle ф with xy. 
In the elevation, the point s’ will move towards r, along 
the line r's ; to а point s,’ on the projector through $1. 75 
and r's, are the projections of the line RS,. Ae 

Therefore, when | the line is inclined to the H.P. and 
; Мз plan is shorter than its true length, 
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but parallel to xy; its elevation is equal to its true length апа 
15 Inclined to xy at its true inclination with the H.P. And 
when the line is inclined to the V.P. and parallel to the H.P. 
its elevation is shorter than its true length, but parallel to xy; 
its plan is equal to its true length and is inclined to xy at its 
true inclination with the V.P. = 

Hence, when a line is inclined to one plane and parallel 
to the other, its projection on the plane to which it is 
inclined is a line, shorter than its true length, but parallel 
to the ground line; its projection on the plane to which it is 
parallel, is a line, equal to its true length and inclined to the 
ground line at its true inclination. 

In other words, the inclination of a line with the H.P. 
is seen in the clevation and that with the V.P. is seen in the 
plan. 


Problem 1: 


A line РО, 9 cm (34") long, is in the Н.Р. and makes an angle 
of 30° with the V.P. Draw its projections, if P is 2-5 cm (1^) 
in front of the V.P. [fig. 9-6(2)]. 

As the line is in the H.P., its plan will show the true 
length and the true inclination with the V.P.; its elevation 
will be in xj. 


q 





(i) (8) 
Fic. 9-6 
Mark a point p, the plan, 2:5 cm (1^) below ху. Draw 
а line fq equal to 9 cm (317) and inclined at 30° to ху. 
Project p to р and д to q' on ху. À | 
pq and p'g' are the required plan and elevation res- 
pectively. ; 
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i ojecti 'hen the line is in 
Fig. 9-6(i) shows the projections W hen tl | 
the hird quadrant, the end P being 2:5 cm (17) behind the 
V.P. Note that the plan p is 2-5 cm (1) above xy. 


Problem 2: 


The length of the plan of a line parallel to the V.P. and 
inclined at 45° to the H.P. is 5 ст (2"). One end of the line is 1-2 ст 
(4°) above the Н.Р. and 2-5 ст (1") in front of the V.P. Draw 
the projections and determine the length of the line. 


Mark a, the plan, 2-5 cm (1”) below xy and а’, the ele- 
vation, 1-2 cm (1") above xy [fig. 9-7(z)]. 
As the line is parallel to the V.P., its plan will be parallel 


to xy and the elevation will show its truc length and the 
true inclination with the H.P. 





— (à) (ii) 
Fic. 9-7 


Draw the plan ab equal to 10 cm (4") and parallel to xy 
and draw a projector through b. 


From a’ draw a line making 45° angle with xy and cutting 
the projector through b at b’. Then a'b’ is the elevation 
and also the true length of the line. ` 


_ Fig. 9-7(i) shows the projections when the line is in the 
third quadrant, one end being 1-9 cm (3^) below the H.P. 
and 2-5 cm (1^) behind the V.P. The plan a is 2-5 cm (1^) 
above xy and the elevation a’ is 1:9 cm (1^) below xy. 
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Problem 3: 


T he elevation of a line 7-5 cm (3") long, measures 5-5 cm (21). 
The line is parallel to the H.P. and one of its ends is in the V.P. 
and 2:5 cm (1^) above the H.P. Draw the projections of the line 
and determine its inclination with the V.P. 





(2) (zt) 
Fic. 9-8 


Mark a, the plan of one end іп xy, and a, its elevation, 
2-5 cm (1") above xy [fig. 9-8(z)]. As the line is parallel to 
the H.P., its elevation will be parallel to xy. 


Draw the elevation a'b’ equal to 5:5 cm (21^) and para- 
llel to xy. With a as centre and radius equal to 7-5 cm (3^), 
draw an arc cutting the projector through 5° at b. Join a 
and 6; ab is the plan of the line. Its inclination with ху, 
viz. $ is the inclination of the line with the V.P. 


Fig. 9-8(ii) shows the projections when the line is in the 
third quadrant, one end being in the V.P. and 2-5 cm ( 1 ) 
below the Н.Р. The plan а is іп. ху and the elevation а 15 


9:5 cm (1^) below xy. 
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EXERCISES IX(a) 


(1) Draw the projections of a straight line, 7-5 cm (3") 
long in the following positions: 
(a) (i) Parallel to both the H.P. .and the V.P. and 2:5 
cm (1^) from each. 
(ii) Parallel to and 3 cm (11^) above the H.P. and 
in the V.P. 
(iii) Parallel to and 4 cm (1}") in front of the V.P. 
and in the H.P. > 
(b) (i) Perpendicular to the H.P., 2 cm ($") in front 
of the V.P. and its one end 1-5 cm ($") above 
the H.P. 
(ii) Perpendicular to the V.P., 2-5 cm (1^) above 
-. the Н.Р. and its one end in the V.P. 
(iii) Perpendicular to the H.P., in the V.P. and its 
one end in the H.P. 


(c) (i) Inclined at 45° to the V.P., in the H.P. and 
its one end in the V.P. 
(ii) Inclined at 30? to the H.P. and its one end 
2 cm (2") above it; parallel to and 3 cm (11)" 
in front of the V.P. 
(ii) Inclined at 60° to the V.P. and its one end 
1-5 cm ({") in front of it; parallel to and 2:5 
cm (1^) above the H.P. 


(2) A line, 10 cm (4^) long, is parallel to and 4 cm (14°) 
above the Н.Р. Its two ends are 2:5 cm (1") and 5 cm (2") in 
front of the V.P. respectively. Find its inclination with the V.P. 

(3) A line, 9 cm (34°): long is. parallel to and 2-5 cm (1”) 
in front of the V.P. Its one end is in the Н.Р. while the other is 
3 cm (2" above the H.P. Find its inclination with the H.P. 


Ў (4) The plan of a line, 7-5 cm (3") long, measures 5:5 cm 
(217). The line is in the V.P., its one end being 2:5 cm (1”) 
above the Н.Р. Draw its projections. 


(5) The elevation of a line, inclined at 30? to the V.P. is 
6:5 cm (24”) long. Draw the projections of the line, when it is 


parallel to and 4 cm (11^) above the H.P., its one end being 3 
cm (12^) in front of the V.P. 
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| (6) А vertical-line АВ 7-5 cm (3°) long, has its end А 
in the Н.Р. and 2:5 cm (1°) in front of the V.P. A line AC, 
10 cm (4^) long, is in the H.P. and parallel to the V.P. Draw 
the projections of the line joining В and C, and.determine its 
inclination with the Н.Р. 

(7) Two pegs fixed on a wall are 4:5 metres (15 feet) apart. 
The distance between the pegs measured parallel to the floor 
is 3:6 metres (12 feet). If one peg is 1-5 metres (5 feet) above 
the floor, find the height of the second peg and the inclination 
of the line joining the two pegs, with the floor, using third-angle 
projection method. . 

(8) Draw the projections of the lines in Exs. 1 to 6, assum- 
ing them to be in the third quadrant, and taking the given posi- 
tions to be below the H.P. instead of above the H.P. and behind 
the V.P. instead of in front of the V.P. 


5. Line inclined to both the planes: 

(a) A line AB (fig. 9-9), is inclined at 0 to the Н.Р. 
and is parallel to the V.P. The end 4 is in the H.P. АВ is 
shown as the hypotenuse of a right-angled triangle, making 
the angle 0 with the base. 










N 


oi 
S A E 





Fic. 9-9 
The plan ab is shorter than AB and parallel to х7. 
'The ион a'b’ is equal to AB and makes the angle 0 


with x). 
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Keeping the end 4 fixed and the angle 0 with the Н.Р. 
constant, if the end B is moved to any position, say Ву, the 
line becomes inclined to the V.P. also. 

In the plan, b will move along an arc, drawn with а 
as centre and ab as radius, to a position b. The new plan 
ab, is equal to ab, but shorter than АВ. 

In the elevation, b’ will move to a point 5,’ keeping its 
distance from xy constant and equal to b'o; i.e., it will move 
along the line fg, drawn through 6’ and parallel to xy. This 
line pq is the locus or path of the end B in the elevation. 
b,’ will lie on the projector through /;. The new elevation 
a'b, is shorter than a'b’ (i.e. АВ) and makes and angle 
c with xy; © is greater than 0. 

Thus, it can be seen that as long as the inclination 0 
of АВ with the Н.Р. is constant, even when it is inclined to 
the V.P., (1) its length in the plan, viz. ab, remains constant; 
and (ii) the distance between the paths of its ends in the 
elevation, viz. b'o, remains fixed. 





i Fic. 9-10 
The same line АВ (fig. 9-10) is inclined at ф to the 
V.P. and is parallel to the Н.Р. Its end A is in d V.P. 


АВ is shown as the hypotenuse of a rieht- engl 
making the angle ф with the base. . right-angled triang = 
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The elevation &'b, is shorter than AB and parallel to 
xy. The plan ab, is equal to АВ and makes the angle $ with 
x). 

Keeping the end A fixed and the angle $ with the V.P. 
constant, if B is moved to any position, say B,, the line will 
become inclined to the H.P. also. Г 


In the elevation, b,’ will move along the arc, drawn with 
a’ as centre and a'b, as radius, to a position bẹ. The new 
elevation a'b,’ is equal to a’b,’ but is shorter than AB. 


In the plan, 6, will move to a point b along the line 
rs, drawn through 5, and parallel to xy, thus keeping its 
distance from the path of a, viz. bo constant. rs is the locus 
or path of the end B in the plan. The point dg lies on the 
projector through 5, The new plan abg is shorter than abs 
(i.c. АВ) and makes an angle B with xy; B is greater than 9. 


Here also we find that, as long as the inclination of AB 
with thc V.P. does not change, even when it becomes in- 
clined to the H.P., (i) its length in the elevation viz. аф», 
remains constant; and (ii) the distance between the paths 
of its ends in the plan, viz. 550, remains constant. 


Hence, when a line is inclined to both the planes, its 
projections are shorter than the true length and inclined to 
ху at angles greater than the true inclinations. These angles 
are called apparent angles of inclination. 


6. Projections of lines inclined to both the 
planes: 


From art. 5(a) above, we find that as long as the in- 
clination of AB with H.P. is constant, (i) its length in the 
plan viz. ab remains constant, and (ii) in the elevation, the 
distance between the loci of its ends, viz. b'o remains constant. 
In other words if (i) its length in the plan is equal to ab and 
(ii) the distance between the paths of its ends in the elevation 


is equal to b’o, the inclination of AB with the H.P. will be 


equal to 9. . 
Similarly, from art. 5(b) above, we find that as long as the 
inclination of AB with the V.P. is constant, (i) its length in 
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the elevation viz. аб», remains constant and (ii) in the 
plan, the distance between the loci of its ends, viz. бо, 
remains constant. The reverse of this is also true, viz. (i) if 
its length in the elevation is equal to a b, and (ii) the dist- 
ance between the paths of its ends in the plan is equal to бо, 
the inclination of AB with the V.P. will be equal to 4. 


Therefore, in fig. 9-9, if the end B is moved, till in the 
plan, the distance between a and b perpendicular to xy, is 
equal to 5,0 (see fig. 9-10), the inclination of АБ with the 
V.P. will become equal to 0, and its length in the elevation 
will automatically become equal to афу. 


Similarly, in fig. 9-10, if the end B is moved, so that in 
the elevation, the distance between a’ and b’, perpendicular 
to xy, is equal to b'o (sce fig. 9-9), the inclination of AB with 
the Н.Р. will become equal to 0, and the length in the plan 
will become equal to аб. 


Combining thc above two cases, we conclude that when : 


AB is inclined at 0 to the H.P. and at $ to the V.P., (i) its 
lengths in the plan and the elevation will be cqual to ab 
and a'b respectively and (ii) the distances between the paths 
of its ends in the elevation and the plan, will be cqual to b'o 
and 5,0 respectively. The two lengths when arranged with 
their ends in their respective paths and in projection with 


each other will be the projections of the line АВ, as illustrated 
in problem 4. 


Problem 4: 


Given the line AB, its inclinations 0 with the Н.Р. and ф with 
the V.P. and the position of опе end A. To draw its projections. 


.. Mark the elevation a’ and the plan a, according to the 
given position of 4 (fig. 9-12). 7 

Let us first determine the lengths of AB in plan and 

elevation and the paths of its ends in elevation and plan. 


(i) Assume AB to be parallel to the V.P. and inclined 
at 0 to the Н.Р. As A is above the H.P., AB is shown in 
the Pictorial view as a side of the trapezoid ABba [fig. 

-11(z)]. Draw the elevation a'b’ equal to AB [fig. 9-12(:)] 
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and inclined at 0 to xy. Project the plan ab. Through a’ 
and 0°, draw lines cd and fq respectively parallel to xy. 
ab is the length of AB in the plan and, cd and pq are the paths 
of A and B respectively in the elevation. 


A1 





Frc. 9-11 


(ii) Again, assume АВ, (equal to 4B) to be parallel 
to the H.P. and inclined at $ to the У.Р. In the pictorial 
view [fig. 9-11(4)], АВ, 1s shown as a side of the trapezoid 
AB,b,a'. Draw the plan ab, equal to АВ [fig. 9-12 (22) | 
and inclined at Ф to xy. Project the elevation аду. Through 
a and à, draw lines ef and rs respectively parallel to xy. 
a'b,' is the length of AB in the elevation and, ef and rs are 
the paths of A and B respectively in the plan. 

— We may now. arrange (i) ab (the Jength in plan) bet- 
ween its fli cf and rs, and (ii) ab (the length in elevation) 
between the paths cd and р, keeping them in projec on wi 
each other, in one of the following three ways: 
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(a) In case (i) [fig. 9-11(2)], if the side Bb is turned 
about Аа so that, ф comes on the path zs, the line АВ will 
become inclined at $ to the V.P. Therefore, with a as centre 
[fig. 9-12(i)] and radius equal to ab, draw an arc cutting 
rs at a point by. Project 5, to b, on the line pq. Draw 
lines joining а with b» and a’ with by’. ab, and аф. are 
the required projections. Check that а' = афу. 

(b) Similarly, in case (ii), if the side B,b,’ [fig. 9-11(i)], 
is turned about Aa’ till 5,’ is on the path pg, the line AB, 
will become inclined at 0 to the H.P. 


$ 5, 4 b AU EORUM b; — 0 
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сИ \ : а ЕЕ 
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Fic. 9-12 (i) and (ii) 


Hence, with a' as centre [fig. 9-12(2)] and radius equal 
to абу, draw an arc cutting fg at a point by’. Project bo 


to 0з in the plan, ion the line rs. Draw lines joining a with ` 


б, and a’ with 5,. ab, and a'b.’ the requi еса 
tions. Check that ab. 2 dde e We ea proles 

. (с) Combining the above two cases [fig. 9-12(222)]: 
First, determine in the same figure, the lengths in plan and 
1 respectively and also the paths. 


Then, with a as centre and radius equal to ab, draw an arc 


Cutting 75 at a point ba. With a’ as centre and radius equal 
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to ab, draw an arc cutting pq at bọ. Draw lines joining 
а with ba, and a’ with by’. афу and a'b, are the required 
projections. Check that ba and 5,' lie on the same projector. 


Fic. 9-12(iii) 


It is quite evident from the 
figure that the apparent angles of 
inclination (х and 6) are greater 
than the true inclinations, viz. 9 
and ф respectively. 


Fig. 9-12(iv) shows the projec- 
tions of the line AB, when it is in 
the third quadrant. 


7. Line contained by a 
plane perpendicular to both 
the reference planes: 


As the two reference planes are 
at right angles to each other, the 
sum total of the inclinations ofa 
line with the two planes, viz. 0 and 
ф, can never be more than 90°. 
When 0 + = 90°, the line will 
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be contained by a third planc perpendicular to both the 
H.P. and the V.P. 

A line EF (fig. 9-13), is inclined at 0 to the H.P. and 
at p [equal to (90° — 0)] to the V.P. The linc is thus 
contained by the plane marked P.P. 





3 j 
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| | - 
=——# | 
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e' 








f f 
(i) (i) 
First-angie Third-angle 
projection projection 


Fic. 9-13 


The elevation e'f” and the plan ef are both perpendicular 
to xy and shorter than EF. 


Therefore, when a line is inclined to both the reference 
planes and contained by a plane perpendicular to them, 


its projections are perpendicular to xy and shorter than the 
true length. 


8. True length of a straight line and its incli- 
nations with the reference planes: 


When projections of a line are given, its true length and 


inclinations with the planes are determined by the application 
of the following rule: | 


~ When a line is parallel to plane, its projection on that 


plane will show its true length and the true inclination with 
the other plane. 


The line may be made parallel to a plane and its true 
length obtained by the following three methods: 
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(i) Making each view parallel to .the ground line 
and projecting the other view from it. This is 
the exact reversal of the processes adopted in 
Arts. 5(a) and 5(b) for obtaining the projections. 

(i) Rotating the line about its projections till it lies 
in the H.P. or in the V.P. 

(iii) Projecting the views on auxiliary planes parallel 
to each view. (This method will be dealt with 
in Chapter XI.) 

The following problem shows the application of the 

first two methods: 


Problem 5: 
The plan ab and the elevation a'b' of a line AB are given. 


To determine its true length, and the inclinations with the H.P. and 
the V.P. 





Fic. 9-14 


Method I: Fig. 9-14(i) shows AB the line, a'b' its 
elevation and ab its plan. If the trapezoid 4Bba is turned 
about da as axis, so that АВ becomes parallel to the V.P., 
in the plan, № will move along an arc drawn with centre а 
and radius equal to a5, to фу, so that ab, is parallel to xy. 
In the elevation, 5’ will move along its locus #27, to a^point 
b, on the projector through Ву. Therefore, with centre 
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d radius equal to ab [fig. 9-14(й)], draw an arc to cut 
Pu b,. Draw a projector through 5, to cut fq (the path of 
b^) at фу. Draw the line a’b,’ which 1s the true length of 
AB; the angle 0, which it makes with xy is the inclination 
of AB with the H.P. 

Again, in fig. 9-15(i), AB is shown as a side of a trape- 
zoid ABb'a'. If the trapezoid is turned about da’ as axis; 
so that AB is parallel to the H.P., the new plan will show 
its true length and true inclination with the V.P. 


УУ) 
“hp 





(т) (i) 
Fic. 9-15 
With a’ as centre and radius equal to a'b’ [fig. 9-15(i)], 
draw an arc to cut ed at ba. Draw a projector through b 
to cut rs (the path of b) at ba. Draw the line aby, which is 
the true length of AB; the angle $ which it makes with xy 
is the inclination of АВ with the V.P. 


Fig. 9-16(7) shows the above two steps combined in 
one figure. 


The same results will be obtained~by keeping the end 


B fixed and turning the end A [fig. 9-16(ii)], as explained 
below. Я 


With centre b and radius equal to ba, draw an arc cutting 


rs at a, (thus making ba parallel to xy). Project a, to a, опса 


(the path of a’). a,’b’ is the true length and 0 is the true incli- 
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nation of АВ with the H.P. Similarly, with centre 5’ and 
radius equal to b'a’, draw an arc cutting pq at a. Project 
‚4а to a, оп ef (the path of a). a,b is the true length and ẹ 
Is the true inclination of АВ with the V.P. 


b ee a 
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(i) (ii) 
Fic. 9-16 

Method II: Referring to the pictorial view in fig. 9-17(2) 
we find that AB is the line, ab its plan and a'b’ its elevation. 
In the trapezoid ABb'a', (i) aA and 5B are both perpendicular 
to a'b' and are respectively equal to ао, and bog (the distances 
of a and 5 from xy in the plan), and (ii) the angle between 
АВ and а'$' is the angle of inclination $ of AB with the V.P. 

Assume that this trapezoid is rotated about a'5 till 
it lies in the V.P. 

In the orthographic view, this trapezoid is obtained 
by drawing perpendiculars to a'b', viz. аА (equal to ao,), 
and 5'B, (equal to bo) and then, joining 4 with B, The 
line A,B, is the true length of AB and its inclination ф with 
a'b’ is the inclination of AB with the V.P. 

Similarly, in trapezoid ABba in fig. 9-17(i), AB is the 
line and ab, its plan. Aa and Bb are. both perpendicular 
to ab and: are respectively equal to a'o, and 5'og (the distances 
of a’ and b’ from xy in the clevation). The angle 0 between 
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AB and ab, is the inclination of AB with the H.P. This 
figure may now be assumed to be rotated about ab as 
axis, so that it lies in the H.P. | B, 


















ШШ 
| 








Fic. 9-17(ii) 


In the orthographic view, this trapezoid is obtained 
by erecting perpendiculars to ab, viz. aA, equal to a'o; 
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and 5B, equal to b'o, and then joining A, with В,. The 
line 24,3, is the true length of AB and its inclination 
9 with a5 is the inclination of AB with the H.P. 


When the projections of the line 4B are given in third- 
angle projection, its true length and true inclinations arc 
found by method I as shown in fig. 9-17(iii) and by method 
iI as shown in fig. 9-17(iv). 





(її) (tv) 
Fic. 9-17(8i) and (ш) 


9. Traces of a line: 


“ne is incli it wl hat plane 

linc is inclined to a plane, it will meet t plane, 

лт meom. The point in which the line or linc- 

produced meets thc plane, is called its trace. 

: : i he line with the H.P. is 

The point of intersection of the line with the Ht. 15 

called he horizontal trace, usually denoted E Pe. and that 
with the V.P. is called the vertical trace Or V.*- 
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Refer to fig. 9-18. 


(i) A line AB is parallel to the H.P. and the V.P. It 
has no trace. 
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(а) First-angle projection 





NO TRACE NO V.T. 


NO H.T. 
(1) (22) (222) 
(b) Third-angle projection 
Fic. 9-18 


= (ï) A line CD is inclined to the H P. and parallel to 
the V.P. It has only the H.T. but no V.T. 
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(iii) A line EF is inclined to the V.P. and parallel to 
the H.P. It has only the V.T. but no H.T. 


Thus, when a line is parallel to a plane it has no trace 


-upon that plane. 


Refer to fig. 9-19. 
(i) A line PQ is perpendicular to the H.P. Its H.T. 
coincides with its plan which is a point. It has no V.T. 


(ii) A line RS is perpendicular to the V.P. Its V.T. 
coincides with its elevation which is a point. It has no H.T. 





(t) (72) 
First-angle Third-angle 
projection- projection 

Fic. 9-19 


Hence, when a line is perpendicular to a plane its trace 
on that plane, coincides with its „projection on that planc. 
It has no trace on the other plane. 


Refer to fig. 9-20. 
(i) A linc AB has its end A in the H.P. and the end 
B in the V.P. Its H.T. coincides with a the plan of А and 
the V.T. coincides with b’ the elevation of В. . 
(ii) A line CD has its end C in both the H.P. and the 
V.P. Its H.T. and V.T. coincide with c and с' (the projec- 


tions of C). 
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| 

= . ч | 

Hence, when a line has an end in a plane, its trace upon | 
that plane coincides with the projection of that end on that | 
| 

| 

| 

| 


р!апе. 





Fic. 9-20 
10. Methods of determining traces of a liue: 
I. Fig. 9-21(z) shows a line AB, inclined to both the 
reference planes. Its end А is in the Н.Р. and B is in the V.P. 


a'b' and ab are the elevation and the plan respectively | 
[fig. 9-21(z)]. 





(i) (zt) 
` Fic. 9-21 
i The H.T. of the line is on the projector through a’ and 
coincides with a. The УТ. is on the projector through J 
and coincides with 0’. 
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Let us now assume.that АВ is shortened from both its 
ends, its inclination with the planes remaining constant. The 
H.T. and V.T. of the new line CD are still the same as can 
be seen clearly in fig. 9-22(7). 





H.T. 





(0) (ш) 
Fic. 9-22 

c'd' and cd are the projections of CD [fig. 9-22(%)]. Its 
traces may be determined as shown below: | 

Produce the elevation d'c' to meet ху at a point Л. 
Through A, draw a projector іо meet the plan dc-produced, 
at the H.T. of the line. 

Similarly, produce the plan cd to meet xy at a point v. 
Through v, draw a projector to meet the elevation c'd- 
produced, at the V.T. of the line. | 

ТІ. 'c'd' and cd are the projections of the line CD [fig. 
9-23(ii)]. Determine the true length C,D, from the eleva- 
tion c’d’ by trapezoid method. The point of intersection 
between c'd'-produced and C,D,-produced, is the V.T. of 


the line. 
Similarly, 

plan cd. Produc | 
The above is qui 


in fig. 9-23(1). A : i 
Em d. projections of the linc CD are given in third- 
angle projection, its traces are determined by method I as 


determine the truc length C.D, from the 
e them to intersect at the H.T. of the line. 


te evident from the pictorial view 
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shown in fig. 9-23(iii) and by method II as shown in fig. 
9-23 (1v). 
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V.T. УТ: С D | 
(їй) (iv) 
Fic. 9-23 | 


CES OF A LINE, THE ) 
PERPENDICULAR TO xy; ` PROJECTIONS OF WHICH ARE 


| When the projections of a line are perpendicular to +); 
i.c. when the sum of its inclinations with the two principal 
planes of projection is 90°, it is not possible to find the traces — 
by the first method. Method II must, therefore, be adopted — 
as shown in fig, 9-94. . · | E 
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Т. 
Fic. 9-24 
POSITIONS OF TBACES OF A LINE: 


Although the line may be situated in the first quadrant, 
its. both traces may be above or below xy, as shown in 
problem 6 and in figs. 9-25 and 9-26. When a line intersects 
a plane, its trace on that plane will be contained by its 
projection on that plane as shown in problem 7. 


Problem 6: 


Projections of a line PQ are given. Determine the positions 
of its traces. 


Fic. 9-25 
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Let pq and p’g' be the projections of PQ (figs. 9-25 
and 9-26). 





Fic. 9-26 


Produce the plan gp to meet xy at v. Draw a projector 
through v, to meet the elevation g'p'-produced at the У.Т. 
Through h, the point of intersection between q‘p’-produced 
and xy, draw a projector to meet the plan qf-produced at 
the H.T. 


Note that in fig. 9-25, the traces are above xy; in fig. 
9-26 they are below it. 


Problem 7: 


A point-A is 5 ст (2") below the H.P. and 1-2 cm (1") behind 
the V.P. A point B is I ст ($^) above the H.P. and 2-5 cm (1^) 
in front of the V.P. The distance between the projectors of A and 
В 15 4 cm (15"). Determine the traces of the line joining A and B. 


Draw the projections ab and a'b’ of the line AB. 

Method I (fig. 9-27): Through v, the point of intersection 
between ab and xy, draw a projector to meet a'b’ at the V.T. 
of the line. 


Similarly, through / the point of intersection between 
a6 and xy, draw a projector to cut ab at the Н.Т. of the line. 
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| 

| 

| 

| Fic. 9-27 

| Method II (fig. 9-28): At the ends a- and 6, draw 
| perpendiculars to ab, viz. aA, equal to a'o, and JB, equal 
| to b'o, on its opposite sides (as a’ and 6’ are on opposite sides 
of xy). Join A, with B, cutting ab at the H.T. of the line. 





! 
Fic. 9-28 


Similarly, at the ends a’ and b’, draw perpendiculars 
'b' on its opposite sides, viz. a’A, equal to ao, and Р'В; 
Draw the line A,B, intersecting a'b" at the 


V.T. of the line. 


t9 a 
equal to bog. 
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Note that Д8, = A,B, = AB and that 0 and ф are 
the inclinations of АВ with the Н.Р. and the V.P. respec- 
tively. 

ADDITIONAL ILLUSTRATIVE PROBLEMS: 


In the following problems, the ends of the lines should 
be assumed to be in the first quadrant, unless otherwise stated. 


Problem 8 (fig. 9-29): 


-V А line AB, 5 ст (2") long, has its end А in both the H.P. 
and the V.P. Tt is inclined at 30° to the H.P. and ai 45° to the 
V.P. Draw its projections. 


б 2 





(ii) (iii) 

Fic. 9-29 
| As the end A is in both the planes, its plan and elevation 
| will coincide in xy. 
| (i) Assuming AB to be parallel to the V.P. and inclin- 
| ed at 0 (equal to 30?). to the H.P., draw its elevation ab’ 
if (equal to AB) and project the plan ab. 
.  (H) Again assuming AB to be parallel to the H.P. 
and inclined at ф (equal to 45°) to the V.P., draw its plan 
ab, (equal to AB). Project the elevation ab,’. | 


ab and ab,’ are the lengths of AB in the plan and the 
elevation respectively, and pq and rs are the loci of the end 
B in the elevation and the plan respectively. . 

(ii) With a às centre and radius equal to ab,’, draw 


an arc cutting fg in b. With the same centre and radius 
equal to ab, draw an arc cutting rs in бә. 
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Draw lines joining a with 5, and 5, ab, and ab, are 
the required projections. 
Fig. 9-30 shows (in pictorial and orthographic views), 


the solution obtained with ‘all the above steps combined in 
one figure only. 





Fic. 9-30(a) . 


Fig. 9-30(a) shows the projections assuming the line to 
be in the third quadrant, ie. by third-angle projection 


method. 
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Problem 9 (fig. 9-31): 


M A line РО 7-5 cm (3") long has its end P in the V.P. and the 
end Q, in the. H.P. The line is inclined at 30° іо the H.P. and at 
60° to the V.P... Draw 15 projections. Pia? plies) 





(ii) (iii) 
Fic. 9-3] 


The plan of P and the elevation of Q will be in xy. 

As shown in the previous problem, determine (i) the 
length of PQ in the plan, viz. д'р and the path ab of the end 
P in the elevation; (ii) the length 019 in the elevation and 
the path cd of the end Q in the plan. (iii) Mark any point fs 
(the plan of P) in xy and project its elevation pb, in ab. With 
фз as centre and radius equal to 014, draw an arc cutting 
хуш gg. It coincides with p,. With фә as centre and radius 
equal to qp, draw an arc cutting cd in gy. Pola and paqa 
are the required projections. They lie in a line perpendicu- 
lar to xy because the sum of the two inclinations is equal to 90°. 


Pro s 10 (fig. 9-32): . | 
ks line PQ 10 cm (4") long, is inclined at 30° to the НР: 
and at 45° to the V.P. Its mid-point is in the V.P. and 2 cm (£^) 
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above the Н.Р. Draw iis projeclions, if its end Р is in the third 
quadrant and Q, in the first. quadrant. 






М ) 
УІ 
X 


Fic. 9-32 


The elevation and the plan of P will be below and above 
xy respectively, while those of Q will be above and below 
xy respectively. 

Mark m, the plan of the mid-point in xy and project its 
elevation т’, 2 cm ($^) above 27. 

Through т’, draw a line making an angle 0 (equal to 
309) with ху and with the same point as centre and radius 
equal to $PQ, cut it at Р, below xy and. at Qi above xy. 
Project P,Q, to $19; on xy; 5,41 15 the length of PQ in plan. ab 
and cd are the paths of P and Q respectively in the elevation 

Similarly, through m, draw a line making an angle 
ф (equal to 45°) with xy and cut it with the same radius at 
P, above xy and at Q a below it. Project P Qa їо fo 9 on 
the horizontal line through m. paqa is the length of PQ 
in the elevation and ef and gh arc the paths of P and Q, 
respectively in the plan. 

- -With m as centre and radius equal to mp, or тр, draw 
arcs cutting ef at $3 and gh at qs. = 

With m’ as centre and radius equal to m'p, or m qs; 
draw arcs cutting ab at pa and cd at d. 

Pagg and 0з 8 are the required projections. 
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«=з X NU ENTRE 


Problem 11 (fig. 9-33): 


= The plan of a line AB 7:5 cm (3") long, measures 6-5 ст 
(23"), while the length of its elevation is 5 ст (2"). Its one end A 
is in the H.P. and 1-2 cm (1") in front of the V.P. Draw the pro- 
jections of AB and determine its inclinations with the H.P. and the V.P. 





Fic. 9-33 


Mark the elevation a’ and the plan a of the given end A. 


| Assuming АВ to be parallel to the V.P., draw a line 
Е ар equal to 6:5 cm (23^) and parallel to ху. With a’ as centre 
and radius equal to 7-5 cm (3"), draw an arc cutting the 
projector through b at b’. The line cd through b’ and para- 


llel to xy, is the locus of B in the elevation and 0 is the inclina- 
ton of AB with the H.P. 


: Similarly, draw a line ab,’ in xy and equal to 5 cm (2^). d 
With a as centre and radius equal to АВ, draw an arc cutting K. 
the projector through b,’ at фу. efis the locus of B in the з 
plan and $ is the inclination of АВ with the V.P. 


With а аз сепіте and radius equal to абу, draw an 
arc cutting cd in 0. With a as centre and radius equal to 
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ab, draw an arc cutting ef in бу. a'b,' and ab, are the required 
projections. ; 


Problem 12 (fig. 9-34): 


-< Aline AB, 6-5 cm (21") long, has its end А 2 cm (#") above 


the Н.Р. and 2-5 cm (1") in front of the V.P. The end B 15 4 cm 
(11^) above the H.P. and 6-5 ст (24") in front of the V.P. Draw 
the projections of AB and show its inclinations with the H.P. and 
the V.P. 





Fic. 9-34 


: Fe : the 
As per given positions, draw the loci cd and gh of 
end Л, n 5 and jk of the end В in the elevation and the 
plan respectively. B 

Mark any point a (the plan of А) in gh and project 1t 
to a’ on cd. m 

With a’ as centre and radius equal to 5 cm (237), draw 
an nm cutting ef in b’. Join a’ with 0. 0, the inclination 
of a'b’ with x», is the inclination of AB with the Н.Р. Project 
р to b on gh. ab is the length of AB in the plan. 


-5 cm (21^, draw 
With a as centre and radius equal to 6:5 cm (23^), draw 
an Ple cutting ЈЕ in 5. Join a with 5,. Ф, the inclination 


ч b, on cd. а, is the length PAR n al 
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Arrange ab and a’b,’ between their respective paths 
as shown. a'b,' and аб, are the required projections of АВ. 


Problem 13 (figs. 9-35 and 9-36): 

VOV The projectors of the ends of a line AB are 4-5 cm (12) apart. 
The end А is 2 cm ($^) above the H.P. and 2-5 cm (1") in front 
of the V.P. The end B is 1-2 ст ($^) below the Н.Р. and 4 cm 
(13") behind the V.P. Determine the true length and traces of AB, 
and its inclinations with the two planes. 

Draw two projectors 4-5 cm (12^) apart. On one pro- 
jector, mark the plan a and the elevation a’ of the end 4; 
on the other, mark the plan b and the clevation b’ of B, as 
per given distances. ab and a'b' are the projections of АВ. 

Determine the true length, traces and inclinations by 
any one of the following two methods: 





К Fic. 9-35 


| Method I (fig. 9-35): Ву making the line parallel to a 
i plane. 
| Keeping a fixed, turn ab to a position ab,, thus making it 
parallel to xy. Project 0, to Р, on the locus of b’. a'b,' is the 
true length of AB and 0 is its true inclination with the Н.Р. 
Similarly, turn a'b’ to a position a,’b’ and project a,’ to 
a, on the path of a (because the end a has been moved). ab 
Is the true length of AB and 6 is its inclination with the V.P. 


; Traces: ‘Through the point of intersection of the plan 
á with d Fon a projector to cut a’b’ at the V.T. Through 
e point of intersection of a'b’ with xy, d ; 
cut ab at the H.T. of the line. 2 теи АРЫС dd 
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Method II (fig. 9-36): At the ends a and 6 of the plan 
ab, draw perpendiculars to ab, viz. GA, equal to a'o, and bB 
equal to Уо, on opposite sides of it (because a’ and b’ M 
on opposite sides of xy). A,B, is the true length of AB; 0 
(its inclination with a5) is the inclination of АВ with the 


Ба the point at which A,B, intersects ab is the Н.Т. 
О ; 





Fic. 9-36 


Similarly, at the ends a’ апа b’, draw perpendiculars 
to a'b’, viz. аА, equal to ao, and b'B, equal to boa, on oppo- 
site sides of it. A,B, is the true length of AB; ¢ (its inclina- 
tion with a'b’) is the inclination of AB with the V.P. and 
the point at which A,B, intersects a'b’ is ће V.T. of AB. 


Problem 14 (fig. 9-37): 


A line AB, 9 cm (31") long, is inclined at 45° to the Н.Р. and 
its plan makes an angle of 60° with the V.P The end A is tn the 
НР. and 1-2 cm (%") in front of the V.P. Draw its elevation 
and find its true inclination. with the V.P. 


Mark а and a', the projections of the end А. 


Draw a line a’b’ equal to АВ and making an angle 6 
(equal to 45°) with ху. Project b’ to b so that ab the plan is 
parallel to ху. Keeping the end a fixed, turn the plan ab to 
a position ab, so that it makes an angle f ( equal to 60?) 
with xy. Project 4; to b, on the locus of 6’. a'b is the 


elevation of AB. 
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To find the true inclination with the V.P., draw an 


arc with a as centre and radius equal to AB, cutting the locus ` 


of b, in bg. Join a with ba. ф is the true inclination of AB 
with the V.P. 





ae 15 (fig. 9-38): 

Incomplete projections of a line PQ, inclined at 30° to the Н.Р. 
are given in fig. 9-30(i). Complete the projections and determine 
the true length of PQ and its inclination with the V.P. 

Turn the plan fq to a position pq}, so that it is parallel 
to xy. Through: №”, draw a line making an angle 0 (equal 
to 30°) with xy and cutting the projector through 4, at фу. 
fq, is the true length of PQ. 

Through g,', draw a line parallel to xy and cutting the 
projector through q at 4. p'q' is the elevation of PQ. 

With p as centre and: radius equal to ’g,’, draw an arc 
cutting the locus of g.at qs. Join p with gẹ. ф is the in- 
clination of PQ with the V.P. 
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(2) 
Fic. 9-38 


Problem 16 (fig. 9-39): 


| 7 The end A of a line AB is 2-5 cm (1") behind the У.Р. and 
| is below the H.P. The end В is 1-3 cm (3^) in front of the V.P. 
| ‘and is above the Н.Р. The distance between the end-projectors 1s 
6:5 cm (21"). The line is inclined at 40° to the Н.Р. and its 
| Н.Т. is 2 cm (2") behind the V.P. Draw the projections of the 
line and determine its true length and the V.T. 





Draw the plan ab and mark the H.T. on it, 2 cm ($^) 
above 27. : 
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We have seen that the line representing the true length 
obtained by the trapezoid method, intersects the plan or 
the plan-produced at the H.T. at an angle equal to the true 
inclination of the line with the V.P. 


Hence, at the ends a and b, draw perpendiculars, to ab 
on its opposite sides (as one end is below the Н.Р. and the 
other end above it). Through the H.T., draw a line mak- 
ing angle 0 (equal to 40°) with ab and cutting the perpen- 
diculars at A, and B,, as shown. A,B, is the true length of 
AB. aA, and bB, are the distances of the ends 4 and В res- 
pectively, from the Н.Р. 


Project а and 5 to a’ and 6’, making a'o, cqual to a4, 
and b'o, equal to bB,. a'b’ is the elevation of AB. Through 
v, the point of intersection between ab and xy, draw a 
projector cutting a’b’ at the V.T. of the line. 


Problem 17 (fig. 9-40): 





Fic. 9-40 ` 
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A line АВ, 9 ст (33") long, is inclined at 30° to the НР. 
Jis end A is 1:3:cm (4") above the Н.Р. and 2 cm (2^) in front of 


е Т.Р. Tts elevation measures 6-5 ст (2%"). Draw ihe plan 


of AB and ‘determine its inclination with the V.P. 


Mark a and a’ the projections of the end A. Through 
a’, draw a line a'b’ equal to 9 cm (31") and making an angle 
0 (equal to 30°) with xy. з 
With a’ as' centre and radius equal to 6:5 cm (23^), draw 
an arc cutting the path of b’ at 6,’. a’b,’ is the elevation of AB. 
Project b’ to b, so that ab is parallel to xy. ab is the 
With .a. as centre and radius equal to.ab, draw an arc 
cutting the projector through і, at b, . ab, is the required plan. 


Determine ф as described in the previous problem. 


Problem 18 (fig. 9-41): 


The ends of a line РО, are on the same projector. The end 
Р is 3 ст (11") below the Н.Р. and 1-3 cm (3^) behind the V.P. 
The end О is 5-5 cm (21") above the Н.Р. and 4-5 cm (12^) in 
front of the V.P. Determine the true length and traces of РО and 
its inclinations with the two planes. 





Fic. 9-41 
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At the ends ф and g of the plan pg, erect perpendiculars, 
viz. pP, equal to p'o, and qQ, equal to 4'о and on opposite 
sides of pg. P,Q, is the true length of PQ; 0 15 the inclina- 
tion of PQ with the H.P., and the point of intersection 
between P,Q, and pq is the H.T. of PQ. 


Similarly, draw perpendiculars to p’q, viz. p'P, equal to 
po and q'Q., equal to go and on opposite sides of p’g’. P,Q. 
is the true length; $ is the true inclination of PQ with the 
V.P., and the point where P,Q, cuts p’q’, is the V.T. of PQ. 


Problem 19 (fig. 9-42): 


HK j /line AB, inclined at 40° to the V.P., has its ends 5 cm (2") 
and 2 ст (2") above ће Н.Р. The length of its elevation is 6:5 
ст (23^) and its V.T. is 1 cm ($") above the H.P. Determine 
the true length of AB, its inclination with the Н.Р. and its Н.Т. 





Fic. 9-49 


Draw the elevation 
B and the given length. 


Draw a line parallel to and 1 " : 
line will contain the V.T. cm (#") above xy. This 


ab' as per given positions of A and 
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Produce a'b’ to cut this line at the V.T. Draw a pro- 
jector through V.T. to v on xy.- 


Assuming а'У.Т. to be the clevation of a line, which 
makes 40° angle with the V.P. and whose one end v is in the 
V.P., let us determine its true length. 


Kecping У.Т. fixed, turn the end a’ to a,’ so that the 
linc becomes parallel to xy. Through v, draw a line making 
an angle ф (equal to 40°) with xy and cutting the projector 
through a,’ at ау. The line through a,, drawn parallel to xy, 
is the locus of А in the plan. Project a^to a on this line. 
ай is the plan of the line, whose elevation is a’ V.T. and whose 
true length is equal to ау. 

But a'b’ is the given elevation of AB. Therefore, pro- 
ject b’ to b оп av. ab is the plan of AB. Obtain the inclina- 
tion 0 with the H.P. by making the plan ab parallel to xy, 
as shown. 


Produce a'b’ to meet xy at h. Draw a projector through 
h to cut ab-produced, at the H.T. of the line. 


Problem 20 (fig. 9-43): QT? 

М 2 The elevation a'b and the H.T. of a line AB, inclined at 20° 
to the H.P. are given in fig. 9-43(t). Determine the true length 
of AB, its inclination with the V.P. and tts V.T. 


_ Consider that hb’ is the elevation of a line inclined at 
90° to- the Н.Р. and the plan: of whose one end is in Н.Т. 


Through h, draw a line making an angle 0 (equal to 
20?) with xy and cutting the locus of B in elevation, in 5j. 
hb,’ is the true length of the line whose length in the plan 
is b H.T." | l + 

With H.T. as centre and radius equal. to H.T.5,, draw 
an arc cutting the projector through b’ at b. H.T.b is the 
plan and hb’ is the elevation of a line which contains AB. 


Therefore, through a’, draw a projector cutting H.T.5 
at a. 
ab is the plan of AB. 
^ Obtain the true length ab, (of AB) and its inclination 
ф with the V.P., by making a'b” parallel to ху. 
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Produce ba to meet xy in v. Draw a projector through 
v to cut b/a’-produced, at ће V.T. of the line. 


y 






5 


(i) 


Fic. 9-43 
Problem 21 (fig. 9-44): 


A tripod stand rests in the Н.Р. One of its legs is 15 cm (6") 
long and makes ап angle of 70° with the floor. The other two legs 
are 16-3 cm (6%") and 17-5 cm (7") long respectively. The upper 
ends of the legs are attached to the corners of a horizontal equilateral 
triangular frame of 5 cm (2") side, one side of which is parallel 
to the V.P. In the plan, the legs appear as lines 120° apart, which 
if produced, would meet in a point. Draw the plan and elevation 
ү <a D. a сатане à 000, which each of the other {шо 

-P. Assume ] 
of the legs to be equal to that of the Eum уле 


At any point P on X), draw a line PA. 15 " 
i ? › 6”) long 
and PA, is the length of the leg in the 2m E E DE 
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Draw an cquilateral triangle abc of 5 cm (2") side with 
one side parallel to xy. Project the elevation a’b’c’, at the 
height Л above xy. 

Determine the lengths of the other two legs in the plan. 
With 5' as centre and radius equal to 16:3 cm (63^), draw 
an arc cutting xy in 4. Similarly, with с as centre and 
radius equal to 17-5 cm (7"), draw an arc cutting xy in ғ. 
bq, and cr, are the lengths of the two legs in the plan, and 
с and 8 respectively are their inclinations with the Н.Р. 





Fic. 9-44 


The legs in the plan are to be inclined at 120° to each 
other and to mect at a point, if produced. Therefore, draw 
lines bisecting the angles of the triangle, making ap equal 
to PA,, bg equal to bg, and cr сапа] to сту, thus completing 
the plan. ` 
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Project p, g and г to p, g' and r' respectively on xy. 
Complete the clevation by drawing lines ар, b’q’ and c'r’. 


Problem 22 (fig. 9-45): 


A straight road going uphill from a point A, due East to 
another point B, is 4 Km long and has a slope of 15°. Another 
straight road from B, due 30° East of North, to a point C is also 4 
Km long but is on level ground. Determine the length and slope 
of the straight road joining the points А and C. Scale 3 ст = 1 Km. 





DE (i) 
First-angle projection Third-angle projection 
Fic. 9-45 


Mark any point a’. Draw a line a'b’. 19 
it а. З cm long, to 
the right of a' and inclined upwards at 15? to the оаа 


(to represent the road from А to В Project it 
keeping it horizontal. ). Project its plan ab 


As the road from B t 
bc will be equal to 12 c 
120° to ab. 


,From b, draw a line jc e 
120 angle with ab. Project c 
ас and ac are the elevation an 
road from А to C. | 


o С is on level ground, in the plan 
m and inclined at (90? +- 30°), ice. 


qual to 12 cm and making 
to с making b'c’ horizontal. 
d the plan respectively of the 


Determine the true length a 


which are the length 
NOSE ngth and slope 


(2 and the angle $ as shown, 
respectively, of the road from 
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Problem 23 (fig. 9-46): 


Two lines AB and AC make an angle of 120? between them 
in their elevations and plans. AB is parallel to both the H.P. and 
the V.P. Determine the real angle between АВ and AC. 





Fic. 9-46: 


Draw any line a'b’ parallel to xy and another line а'с' 
of any length, making 120° angle with а 6°. Join b with c’. 


Project the plan ab of a'b' parallel to xy and the plan 
ac of a/c', making 120° angle with ab. Join b with c. a'b' 
or ab is the true length of AB. Determine the true lengths 
of AG and ВС, viz. а'сү and b'c, as shown. 


Draw a triangle a’b’c,’ making a’c,’ equal to ac,’ and 
b'c,’ equal to beg. — Z b'a'eg! is the real angle between AB 
and AC. 
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Problem 24 (fig. 9-47): 


An object О is placed 1-2 т (4^) above the ground | and їп 
the centre of a room 4-2 m X F-6m X 3-6 m high (I£ x 12' х 12 
high). Determine graphically its distance from one of the corners 


о 


between the roof and two adjacent walls. Scale 5 cm = 1 т. 


а! «€ c’ C 





@) (й) 
First-angle projection Third-angle projection 
Fic. 9-47 


Draw the elevation (of the room) a'b'c'd' as seen from 
the front of, say 3-6 m (12^) wall. a'b’ is the width of the 
room and а'@' is the height. The elevation o’ of the object 
will be seen 1-2 m above the mid-point of a'b’. c’ and 4 
are the top corners of the room. o/c’ is the elevation of the 
line joining the object with a top corner. 


Draw the plan of the room. It will be a rectangle of 
sides equal to 3-6 m and 4-2 m. The plan o of thc object 
will be їп the centre of the rectangle. oc is the plan of о'с. 


Determine the true length o 


i сү, which will 
distance of the object from one of t pee. оу the 


he top corners of the room. 


e a 
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EXERCISES IX(b) 


(1) A line AB, 7:5 cm (3^) long, is inclined at 45° to the 
H.P. апа 30° to the V.P. Its end B is in the H.P. and 4 cm (14°) 
in front of the V.P. Draw its projections and determine its traces. 


(2) Draw the projections of a line AB, 9 cm (31") long, 
its mid-point M being 5 cm (2") above the Н.Р. and 4 cm (12^) 
in front of the V.P.; the end A is 2 cm (2") above the H.P. and 
1-3 cm (1^) in front of the V.P. Show the traces and.the inclina- 
tions of the line with the Н.Р. and the V.P. 


(3) The elevation of a line PQ, 12-5 cm (5") long, measures 
7-5 cm (3") and its plan measures 10 cm (4"). Its end Q and 
the mid-point M are in the first quadrant, M being 2:5 cm (1^) 
from both the planes. Draw the projections of the line PQ. 


(4) A line AB, 7:5 cm (3") long, is in the second quadrant, 
with the end A in the Н.Р. and the end B in the V.P. The line 
is inclined at 30? to the H.P. and at 45? to the V.P. Draw the 
projections of АВ and determine its traces. | 


х (5) The end А of a line AB is in the Н.Р. and 2-5 cm (1^) 
in front of the V.P. The end B is in the V.P. and 5 cm (2") 
below the H.P. 'Thc distance between the end projectors is 7-5 
cm (3". Draw the projections of АВ and determine its true 
length, traces and inclinations with the two planes. 


м1 (6) The plan of a line CD, 7-5 cm (3") long, measures 5 cm 


(2"). C is 5 cm (2") in front of the V.P. and 1:5 cm ($") below 
the H.P. D is 1-5 cm (§”) in front of the V.P. and is above the 
H.P. Draw the elevation of CD and find its inclinations with 
the H.P. and the V.P. Show also its traces. 

(7 A line PQ, 10 cm (4") long, is inclined at 45° to the 
H.P. and at 30? to the V.P. Its end P is in the second quadrant 
and Q is in the fourth quadrant. A point R on PQ, 4 cm (13°) 
from P is in both the planes. Draw the projections of PQ. 

(8) A line AB, 6:5 cm (24") long, has its end A in the H.P. 
and 1-5 cm (4") in front of the V.P.; the end В is in the third 
quadrant. The line is inclined at 30° to the Н.Р. and at 60° 
to the V.P. Draw its projections. 

(9) The elevation of a line AB measures 6:5 cm (21^) and 
makes an angle of 45? with xy. 4 is in the Н.Р. and the У.Т. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 





ebd UT ES 
А , ЖҮН, | = 
| P ae e | 


214 ELEMENTARY ENGINEERING DRAWING 


of the line is 1:5 cm ($°) below the H.P. The line is inclined at 
30° to the V.P. Draw the projections of AB and find its true 
length and inclination with the H.P. Also locate its H.T. 


10) А line AB is in the first quadrant. Its ends 4 and В 


are 2 cm (2") and 6 cm (2§”) іп front of the V.P. respectively. 
The distance between the end projectors is 7-5 cm (3"). The line 
ss inclined at 30° to the Н.Р. and its Н.Т. is 1 cm ($^) below the 
H.P. “Draw the projections of AB and determine its true length 
and the V.T. 

(11) A room is 48 mx42 mx3:6 m high (16' x 14’ x12’ 
high). Determine graphically the distance between a top corner 
and the bottom corner diagonally opposite to it. Use third-angle 
projection method. - 


E (12) Two oranges on a tree are respectively 1-8 m (6 feet) 
and 3 m (10 feet) above the ground, and 1:2 m (4 feet) апа 
9:1 m (7 feet) from a 0:3 m (1 foot) thick wall, but on the oppo- 
site sides of it. The distance between the oranges, measured 
along the ground and parallel to the wall is 2-7 m (9 feet). 
Determine the real distance between the oranges. 


(13) Draw an isosceles triangle abc, of base ab equal to 


- 4 cm (11^) and altitude 7:5 cm (3^) with a in xy and ab inclined 


at 45° to xy. The figure is the plan of a triangle whose corners 4, 
B and C are respectively 7-5 cm (3"), 2-5 cm (1") and 5 cm (27) 
above the H.P. Determine the true shape of the triangle aud the 
inclination of AB with the two planes. 


_ (14) Three points A, В and С аге 7:5 m (25 ft) above the 
ground level, on the ground level and 9 m (30 f) below the 
ground level respectively. They are connected by roads with 
each other and are seen at angles of depression of 10?, 15? and 
30° respectively from a point O on a hill 30 m (100 ft) above 
the ground level. 4 is due north-east, B is due north and C is 
due south-east of O. Find the lengths of the connecting roads. 
Use third-angle projection method. 

(15) A pipe-line from a point Л, running due north-east 
has a downward gradient of 1 in 5. Another point B is 12 m 
(40 ft) away from and due east of 4 and on same level. Find 


the length and slope of a pipe-line from В which’ runs due 15° 
east of north and meets the pipe-line from A. 
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(16) A plate chimney, 18 m (60 feet) high and 0-9 m (3 feet) 
diameter is supported by two sets of three guy wires each, as 
shown in fig. 9-48. Опе set is attached at 3 m (10 feet) from 
the top and anchored 6 m (20 feet) above the ground level. 
The other set is fixed to the chimney at its mid-height and an- 
chored on the ground. Determine the length and slope with 
the ground, of one of the wires from each set. 





Fic. 9-48 


- (17) The guy-ropes of two poles 12 m (40 feet) apart, are 
attached to a point 15 m (50 feet )above the ground on the corner 
of a building. The points of attachment on the poles are 7-5 m 
(25 feet) and 4-5 m. (15 feet) above the ground and the ropes 
make 45° and 30? respectively with the ground. Draw the 
projections and find the distances of the poles from the building 
and the lengths of the guy ropes. Use third-angle projection 
method. : 
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Plane figures: Plane figures or surfaces have only 
two dimensions, viz. length and breadth. They do not 
have thickness. А plane figure may be assumed to bc con- 
tained by a plane, and its projections can be drawn, if thc 
position of that plane with respect to the principa! planes 
of projection is known. 


Traces of planes: А plane, extended if necessary, 
will meet the reference planes in lines, unless it is parallel to 
any one of them. These lines are called the iraces of the 
plane. The line in which the plane meets the Н.Р. is called 
the horizontal trace or the Н.Т. of the plane. The line in 
which it meets the V.P. is called its vertical trace or the У.Т. 
A planc is usually represented by its traces. 


Types of planes: Planes may be divided into two 
main types: 

(i) Perpendicular planes 

(i) Oblique planes. 
| Perpendicular planes сап be sub-divided into the follow- 
Ing sub-types: | 

(2) Perpendicular to both the reference planes. 


(b) Perpendicular to one plane and parallel to the 
other. 


(c) Perpendicular to one plane and inclined to thc 
other. 


Planes which are inclined to b 
are called oblique planes. 


PERPENDICULAR PLANES: 


oth the reference planes 


(i) Plane, perpendicular to b 
V.P. (fig. 10-1). гр r to both the Н.Р. and the 
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A square ABCD is perpendicular to both the planes. 
Its Н.Т. and У.Т. are in a straight line perpendicular to ху. 





Fic. 10-1 


The elevation 6’c’ and the plan ab of the square are both 
lines coinciding with the У.Т. and the Н.Т. respectively. 

(ii) Plane, perpendicular to the Н.Р. and parallel to 
the V.P. [fig. 10-2(z)]. 

A triangle POR is perpendicular to the Н.Р. and is 
parallel to the V.P. Its H.T. is parallel to xy. It has no V.T. 





(i) (à) 


Fic. 10-2 


The elevation p’q'r’ shows the exact shape and size of 
the triangle. The plan pgr is a line, parallel to xy; it coin- 
cides with the H.T. 

(iii) Plane, perpendicular to the V.P. and parallel 
to the H.P. [fig. 10-2(z)]. 


CC-0. Mumukshu Bhawan Varanasi Collection..Digitized by eGangotri 





218 ELEMENTARY ENGINEERING DRAWING 


A square ABCD is perpendicular to the V.P. and parallel 
to the H.P. Its V.T. is parallel to xy. It has no Н.Т. 


The plan abcd shows the truc shape and true size of 
the square. The elevation a'b’ is a line, parallel to xy; it 
coincides with the V.T. 


(iv) Plane, perpendicular to the H.P. and inclined 
to the V.P. (fig. 10-3). 





Fic. 10-3 


_ A square ABCD is perpendicular to the Н.Р. and in- 
clined at an angle to the V.P. Its V.T. is perpendicular to 
xy. Its Н.Т. is inclined at ф to xy. 


Its plan ab is a line, inclined at ф to ху. The elevation 
a'b'c'd' is smaller than ABCD. 





Fic. 10-4 


(v) Plane, perpendicular t roa 
the Н.Р. (fig. 102). ular to the V.P. and inclined to 


^- 
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A square ABCD is perpendicular to the V.P. and in- 
clined at an angle 0 to the H.P. Its H.T. is perpendicular 
to xy. Its V.T. makes the angle 0 with xy. Its elevation a’b’ 
is a line inclined at 0 to xy. The plan abcd is a rectangle, 
which is smaller than the square ABCD. 


Fig. 10-4(a) shows the projections and the traces of all 
these perpendicular planes in third-angle projection. 





a d c 
d NO H.T. «c 
ur = 
T b т 
b p I» r = хў 
а р 1 
> m s е NE J 
> ТУ. p 
c Рено ут 2 | 
c 
(2) (22) (zit) (iv) (v) 
Fic. 10-4(a) 


OBLIQUE PLANES: 


Representation of oblique planes by their traces, is too 
advanced to be included in this book. А few problems on 
the projections of plane figures inclined to both the reference 
planes are however, illustrated at the end of the chapter. 
They will prove to be of great use in dealing with the pro- 
jections of solids. 


GENERAL CONCLUSIONS: 


I. Traces: 
(a) When a plane is perpendicular to both the reference 
planes, its traces lie on a straight line perpendicular to xy. 


(b) When a planc is perpendicular to one of the 
reference planes, its trace upon the other plane is perpendi- 


cular to xy (except when it is parallel to the other planc). 
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(c!) When a plane is parallel to a reference plane, it 
has no tracc on that plane. Its trace on the other reference 
plane, to which it is perpendicular, is parallel to xy. 

(d) When a plane is inclined to the H.P. and perpen- 
dicular to the V.P., its inclination is shown by the angle 
which its V.T. makes with xy; when it is inclined to the V.P. 
and perpendicular to the H.P., its inclination is shown by 
the angle which its Н.Т. makes with ху. 


(e) When a plane has two traces, they, produced if 


necessary, intersect in xy (except when both are parailel to 


xy, as in case of some oblique planes). 
IT. Projections: 


(а) When a plane is perpendicular to a reference plane, 
its projection on that plane is a straight linc. 


(b) When a plane is parallel to a reference plane, its 
projection on that planc shows its true shape and sizc. 


(c) When a plane is perpendicular to one of the refe- 
rence planes and inclined to the other, its inclination is shown 
by the angle which its projection on the plane to which it 
is perpendicular, makes with xy. Its projection on the plane 
to which it is inclined, is smaller than the planc itself. 


Problem 1: 


Show by- means of traces, each of the following planes: 

(a) Perpendicular to the H.P. and the V.P. 

(b) Perpendicular to the H.P. and inclined at 30° to the V.P. 
(c) Parallel to and 4 cm ( 15") away from the V.P. 

(d) Inclined at 45? to the H.P. and perpendicular to the V.P. 
(e) Parallel to the H.P. and 2-5 cm (1^) away from it. 


Fig. 10-5 shows the various traces ( 
l i - (а) The H.T. and 
EE are in a line perpendicular to ху. Б The Н.Т. is 
inclined at 30" to xy; the У.Т. is normal to Xy; both the traces 
intersect in xy. (с) The Н.Т. is parallel to and 4 cm (14^) 


away from xy. It has no У.Т. (4) The Н.Т. is perpendicular 


to xy; the У.Т. makes 45° angle with xy; both intersect in ху. 
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(e) The V.T. is parallel to and 2-5 cm (1") away from xy. 
It has no H.T. 

















Se b. XL 
NO V.T. 4 
X- 2 y : 
d 475,30 : 
zl 7. HT. H| HO НТ. 
(a) (b) © (d) ( (e (be (qj (e) 
First-angle projection Third-angle projection 
Fic. 10-5 


Projections of planes parallel to one of the reference 
planes: | 

The projection of a plane on the reference plane parallel 
to it will show its true shape. Hence, beginning should be 
made by drawing that view. The other view which will 
be a line, should then be projected from it. 


(a) When the plane is parallel to the H.P. 


The plan should be drawn first and the elevation pro- 
jected from it. 


Problem 2: 


An equilateral triangle of 5 cm (2") side has its V.T. parallel 
to and 2-5 cm (1") away from xy. It has no H.T. Draw its 
‚ projections when one of its sides is inclined at 45° to the V.P. 





(1) (ii) 
First angle projection Third-angle projection 
Fic. 10-6 
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H2 
n3 
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As the У.Т. is parallel to лу and as there is no H.T. 
the triangle is parallel to the H.P. Therefore, begin with 
the plan (fig. 10-6). 

Draw an equilateral triangle abc of 5 cm (2") side, 
keeping one side, say. ас, inclined at 45? to xy. Project the 
elevation, 2:5 cm (1") away from xy, as shown. 


(b) When the plane is parallel to the V.P. 

Beginning should be made with the elevation and the 
plan projected from it. 
Problem 3: 


A square ABCD of 4 cm (13^) side has a corner оп the ground 
and 2 ст (2") away from the V.P. All the sides of the square are 
equally inclined to the H.P. and parallel іо the V.P. Draw its 
projections and show its traces. | 





(2) (ii) 
First-angle projection Third-angle projection 


Fic. 10-7 


As all the sides are parallel to the V.P 
.P., the surface of 
the square also is parallel to it. The elevation will show 
the true shape and position of the square. 


Draw a square a’‘b’c'd’ in elevation wi 
with пег 
ре ground and all its sides inclined at 45? to a (Bg. 10-7). 
roject the plan keeping the line ac parallel to xy and 2 cm 
(27) away from it. The plan is its H.T. It has no V.T. 
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Projections of a plane inclined to one reference plane 
and perpendicular to the other: 


When a plane is inclined to a reference plane, its pro- 
jections may be obtained in two stages. In the initial stage, 
the plane is assumed to be parallel to that reference plane to 
which it has to be made inclined. It is then tilted to the 
required inclination in the second stage. 


(a) Plane, inclined to the Н.Р. and perpendicular to the V.P. 


When the plane is inclined to the H.P. and perpendicular 
to the V.P., in the initial stage, it is assumed to be parallel 
to the H.P. Its plan will show the true shape; the elevation 
will be a line parallel to xy. The plane is then tilted so that 
it is inclined to the Н.Р. The new elevation will be inclined 
to xy at the true inclination. In plan, the corners will move 
along their respective paths (parallel to ху). 


Problem 4: 


A regular pentagon of 2-5 cm (1") side has one side on the 
ground. Tis plane is inclined at 45° to the H.P. and perpendicular 
to the V.P. Draw its projections and traces. 





b, b 
@) (i) G) (ii) 
First-angle projection Third-angle projection 
Fic. 10-8 


Assuming it to be parallel to the H.P., draw the penta- 
gon in plan with one side perpendicular to xy [fig. 10-8(2)]. 
Project the elevation. Tilt the elevation about the point 
a', so that it makes 45° angle with xy. Project the new plan 


ab,c,d,e, downwards (or upwards) from this elevation and hori- - 
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zontally from the first plan. It willbe more convenient ifthe 
elevation is reproduced in the new position separately and the 
plan projected from it, as shown in fig. 10-8(2). The V.T. 
coincides with the elevation and the Н.Т. is perpendicular to 
xy, through the point a’. 

(b) Plane, inclined to the V.P. and perpendicular to the H.P. 


In the initial stage, the plane may be assumed to be 
parallel to the V.P. and then tilted to the required position 
in the next stage. The projections are drawn as illustrated 
in the next problem. 


Problem 5: 


Draw the projections of a circle of 5 cm (2") diameter, having 
tts plane vertical and inclined at 30° to the V.P. Tis centre is 3 cm 
(4 О, ) above the ground and 2 cm (2") away from the V.P. Shaw 
also its traces. 





(9 (i) (2) (i) 
First-angle projection Third-angle projeetion 
Fic. 10-9 


ree aS has д8 corners to project опе view from another. 
E ; ud er of pomts, say twelve, equal distances 
part, may be marked on its circumference. 


Assuming the circle to be 
: suming parallel to the V.P. 
pe projections The elevation will be a circle’ ГУ ШОЛ. 
иШ Бе а ines pare (787) Oe а (or GL). The plan 
› parallel to and 2 cm (3") f ivi 
the circumference Into twelve equal ae A Te 
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square) and mark the points as shown. Project these points in 
the plan. The centre О will coincide with the point 4. When 
the circle is tilted, so as to make 30° angle with the V.P., 
its plan will become inclined at 30° to xy; in the elevation, 
all the points will move along their respective paths (para- 
llel to xy). Reproduce the plan, keeping the centre O at 
the same distance, viz. 2 cm (#”) from xy [fig. 10-9(z)]. 
For the final view, project all the points upwards (or down- 
wards) from this plan and horizontally from the first elevation. 
Draw a freehand curve through the twelve points 1,’, 2,’ etc. 
This curve will be an ellipse. 


The plan is the H.T. of the circle. Produce it to meet 


xy in v. Through v, draw a vertical line, which is the ` 


required V.T. 


Projections of oblique planes: 


When a plane is inclined to both the H.P. and the V.P., 
-its projections are drawn in three stages. In the initial stage, 
the plane is assumed to be parallel to the H.P. It is then 
tilted so as to make the required angle with the H.P. As 
already explained, its elevation in this position will be a line, 
while its plan will be smaller in size. In the final position, 
when the plane is turned to the required inclination with 
the V.P., only the position of the plan will change. Its shape 
and size will not be affected. In the final elevation, the 
corresponding distances of all the corners from xy will remain 
the same as in the second elevation. 


Problem 6: 


A square ABCD of 5 ст (2") side has tts corner A on the 
ground, its diagonal AC inclined at 30? to the H.P. and the diagonal 
BD inclined at 45° to the V.P. and parallel to the Н.Р. Draw its 
projections (fig. 10-10). 

In the initial stage, keep the square parallel to the H.P. 
with AG parallel to the V.P. (i) Draw the plan and elevation. 
When the square is tilted about the corner A so that AC 
makes 30° angle with the H.P., BD remains perpendicular to 
the V.P. and parallel to the Н.Р. (ii) Draw the second ele- 
vation with a'c’ inclined at 30° to the ground line. Project 
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: d so that BD 

d plan. The square may now be turne 
р 495 Sale with the V.P. and remains parallel to the 
H.P. Only the position of the plan will change. Its shape 





i (à) (їйї) (7) (йд) _ (ii) 
Ve e projection 'Third-angle projection 
Fic. 10-10 


will remain the same. (iii) Reproduce the plan so that 2,0 
is inclined at 45? to xy. Project the final elevation upwards 
(or downwards) from this plan and horizontally from the 
second elevation. 


Problem 7: 


Draw the projections of a regular hexagon of 2-5 ст (1 ") side, 
having one of its sides on the ground and inclined at 60° to the V.P. 
and iis surface making an angle of 45? with the ground (fig. 10-11). 





(2) (ii) (iii) (i) _ (à) (iii) 
First-angle projection Third-angle projection 
Fic. 10-11 


(i) Draw the hexagon in the plan with one side per- 
pendicular to ху. Project a'c', the elevation. (ii) Draw ас 
inclined at 45° to the ground line and project the second plan. 
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(iii) Reproduce this plan, making a, f, inclined at 60° to xy 
and project the final elevation. 


Problem 8: 


. Draw the plan and the elevation of a circle of 5 cm (2") dia- 
meler resting in the Н.Р. on a point A on the circumference, its plane 
inclined at 45° to the H.P. and (a) the plan of the diameter AB 
making 30° angle with the V.P.; (b) the diameter AB making 30° 
angle with ihe V.P. (fig. 10-12). 





(i) (ii) (iii) (iv) 
Fic. 10-12 


Draw the projections of the circle with A in the H.P. 
and its plane inclined at 45° to the H.P. and perpendicular 
to the V.P. [figs. 10-12(7) and (z)]. 

(a) In the second plan, the line a,b, is the plan of the 
diameter AB. Reproduce this plan, so that a&b; (the plan 
of diameter AB), makes. 30° angle with xy [fig. 10-12(й)]. 
Project the required elevation. | 

(b) If the diameter AB, which makes 45° angle with 
the H.P., is inclined at 30? to the V.P. also, its plan ab, 
will make an angle greater than 30° with xy. This apparent 
angle of inclination is determined as described below. 

Draw any line a,b, equal to AB and inclined at 30? to 
xy [fig. 10-12(:7)]. With а, as centre and radius equal to the 
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plan of АВ, viz. a;b, draw an are cutting rs (the path of B 
in the plan) at bg. Draw the line joining 4; and bg, and around 
it, reproduce the second plan. Project the final elevation. It 
is evident that a,b, is inclined to xy at an angle B which is 
greater than 30°. 


EXERCISES X 


(1) Draw an equilateral triangle of 7:5 cm (3") side and 
inscribe a circle in it. Draw the projections of the figure, when 
its plane is vertical and inclined at 30? to the V.P. and one of the 
sides of the triangle is inclined at 45° to the H.P. Use third-angie 
projection method. 


(2) A regular hexagon of 4 cm (14”) side has a corner in 
the H.P. Its surface is inclined at 45? to the H.P. and the plan 
of the diagonal through the corner on which it rests, makes an 
angle of 60? with the V.P. Draw its projections. 


(3) Draw the elevation and the plan of a regular pentagon 
of 4 cm (13^) side, having its surface inclined at 30° to the ground 
and the side on which it rests on the ground, making an angle of 
60° with the V.P. Use third-angle projection method. 


(4) Draw the projections of а rhombus having diagonals 
12:5 cm (5") and 5 cm (2") long, the smaller diagonal of which 
is parallel to both the principal planes, while the other is inclined 
at 30° to the Н.Р. 


(5) Draw a regular hexagon of 4 cm (114°) side, with its 
two sides vertical. Draw a circle of 4 cm (14%) diameter in its 
centre. The figure ‘represents a hexagonal plate with a hole in 
it and having its surface parallel to the V.P. Draw its plan and 
elevation when the surface is vertical and inclined at 30? to the 
УР. Assume the thickness of the plate to be equal to that of а 
line. Use third-angle projection method. 


(6) Draw the projections of a circle of 7-5 cm (9") dia- 
meter having the end A of the diameter AB in the H.P., the end 
B in the V.P., and the surface inclined at 30° to the Н.Р. and 
at 60° to the V.P. 2 
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CHAPTER ХІ 


PROJECTIONS ON AUXILIARY PLANES 


———— -—- 


Two views of an object, viz. the elevation and the plan 
(projected on the principal planes of projection), are some- 
times not sufficient to convey all the information regarding 
the object. Additional views, called auxiliary views, are 
therefore, projected on other planes, known as auxiliary 
planes. ‘These views are often found necessary in technical 
drawings. Auxiliary views may also be used for determining 
(i the true length of a line, (ii) the point-view of a line, 
(ii) the edge-view of a plane, (iv) the true size and form of 
a plane etc. They are thus very useful in finding solutions 
of problems in practical solid geometry. 3 


AUXILIARY PLANES AND "VIEWS: | i 
Auxiliary planes are of two types: (i) auxiliary vertical 
plane or A.V.P. and (ii) auxiliary inclined plane or A.I.P: 
Auxiliary vertical plane is perpendicular to the H.P. 
and inclined to the V.P. Projection on an A.V.P. is called 
auxiliary elevation. | Exon | 
Auxiliary inclined plane is perpendicular to the У.Р; 
and inclined to ће H.P. Projection on an A.I.P. is called 
auxiliary plan. e | Е Nas 
The orthographic views of the auxiliary projections are drawn 
by rotating the auxiliary plane about that principal plane to which 
it is perpendicular. 


PROJECTION OF A POINT ON AN AUXILIARY VERTICAL PLANE: 


A point A [fig. 11-1(2)] is situated in front of the V.P. 
and above the Н.Р. А.У.Р. is the auxiliary vertical plane, 
inclined at an angle « to the V.P. The H.P. and the 
A.V.P. meet at right angles in the line x45. 

а! and а are the elevation and the plan respectively, of 
the point A. a,’ is.the auxiliary elevation obtained by draw- 
ing a projector Aa,’ perpendicular to the A.V.P. It can be 
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, i iliary elevation | 
ly seen that a,'o, (the distance of the auxiliary | 
ш х1) = al 0 (the distance of the elevation а from ху) | 
=Aa (the distance of the point A from the H.P.). | 





Fic. 11-1 


Fig. 11-1(ii) shows the V.P. and the A.V.P. rotated 
about the H.P., to which they are perpendicular. The line 
of intersection x,7,, between the A.V.P. and the H.P., is 
inclined at the angle œ to xy. The line joining the plan а 
with the auxiliary elevation a,’, is at right angles to хуу, and 
intersects it at o}. Note that, a,'o, = a'o. 


Se eee cease + ee ees 


To draw the orthographic views [fig. 11-1(iz)], start | 
with the ground line ху and mark the elevation a' and the q 
plan а. Draw a new ground line x,y,, making the angle cc | 
with xy. Through the plan а, draw a projector aa, perpen- | 
dicular to and intersecting x, y, at o, and such that a,’0, = a'o. 
аү is the required auxiliary elevation. 





First-angle projection Third-angle projection 
Fic. 11-2 
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The new ground line making the angle « with xy, can 
be drawn in four different positions, as shown by lines x, 7}, 
XoJo etc. in fig. 11-2. All the elevations are projected from 
the plan а and their distances from their respective ground 
lines are equal, ie. 410; = а5'05............ = @0. 
PROJECTION OF A POINT ON AN AUXILIARY INCLINED PLANE: 


A point P [fig. 11-3(7)] is situated above the H.P. and 
in front of the V.P. A.LP. is an auxiliary inclined plane 
inclined at an angle 8 to the H.P. It meets the V.P. at right 
angles and in a line x, 9,. 





Fic. 11-3 


p' and р are respectively the elevation and the plan of 
the point P. f, is the auxiliary plan obtained by drawing 
the projector Pp,, perpendicular to the A.I.P. It can be seen 
that ро; (the distance of the auxiliary plan py from x, уу) = po 
(the distance of the plan f from xy) — Pp' (the distance of 
the point P from the V.P.). | 

The Н.Р. and the A.I.P. are then rotated about the 
V.P. to which they are perpendicular [fig. 11-3 (4)]. хул 
the line of intersection between the V.P. and the АТР. 
makes the angle р with xy. The line j oining the elevation p 
and the auxiliary plan №; is at right angles to хуу, and inter- 
sects it at оу. Note that f,o, = fo. - 

To draw the orthographic view [fig. 11-3 (121)], draw xy 
and mark p’ and p. Draw ху уу making the angle B with xy. 
Through the elevation p’, draw a projector f f;, perpendicular 
to and intersecting x, уу at o, and such that f,0, = po. ру 18 
the required auxiliary plan. 
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In this case also, the new ground line can be drawn in 
four different positions as shown in fig. 11-4 by inc Xi 
Xa Ja etc., each inclined at р to x. AII the plans are pr ojected 
from the elevation p' and their distances from their respective 
ground lines are equal, ie. f1975»€»6 = po. 





First-angle projection Third-angle projection 
Fic. 11-4 


PROJECTION OF А POINT ON AN AUXILIARY PLANE PERPENDI- 
CULAR TO BOTH THE PRINCIPAL PLANES: 


If the inclination of the A.V.P. with the V.P. is increas- 
ed, so that а = 90°, the A. V.P. will be perpendicular to both 
the planes. Similarly, if the inclination of the A.I.P. with 
the H.P. is increased, so that B = 90°, it will also be perpen- 
dicular to both the H.P. and the V.P. This plane may be 
rotated about any one of the principal planes. The view 
on this plane can, therefore, be projected from either the 
plan or the elevation and named accordingly. 


In fig. 11-5(7), A is a point. P.P. is an auxiliary plane 
perpendicular to the H.P. and the V.P. a, is the auxiliary 
view projected on the P.P., It can be scen that ауд, = a'o = Aa | 
(the distance of A from the H.P.). Also, ajo, = ao = Aa’ | 
(the distance of А from the V.P.). | 


Fig. 11-5(i) shows the Р.Р. rotated about the V.P. 
a, lies on the projector drawn through the elevation a’ and 
perpendicular to the line of intersection between the V.P. 
and the P.P. It is thus projected from the elevation and 
hence, called the auxiliary plan. In technical drawings, 


this view is generally termed as the end elevation or end view. 
Note that 2,0, = ao. 


* me d e Dam ==» e 
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Also note that in first-angle projection, when seen from 
the left the new ground line and the end view come to the | 
right of the elevation; while in third-angle projection, when | 
seen from the left they come to the left of the elevation. | 
Thus, in the former method, the view looking from any side 
of the elevation is placed on its other side; while in the latter 
method, it is placed on the same side of the elevation. 





@ (i) @) 
(b) 'Third-angle projection . | 
Fic. 11-5 


Fig. 11-6 shows the P.P. rotated about the H.P. The 
view on the Р.Р. now lies on the projector through the plan 
а. Hence, it is called the auxiliary elevation. In this case, 


Per 
4; 09 = а 0. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 





234 ELEMENTARY ENGINEERING DRAWING 


The orthographic views [figs. 11-5(@ї) and 11-6(i2)] in 
both cases are self-explanatory. 





90° 
бә a, 
Xr 
(i) (ii) (2) (ii) 
_ (а) First-angle projection (6) Third-angle projection 
Fic. 11-6 


General conclusions: 


(1) The auxiliary plan of a point lies on a line drawn 
through the elevation, perpendicular to the new ground line 
(ху) and at a distance from it, equal to the distance of the 
first plan from its own ground line (xy). 


(2) The auxiliary elevation of a point lies on a line 
drawn through the plan, perpendicular to the new ground line 
(x, у) and at a distance from it, equal to the distance of the 
first elevation from its own ground line (xy). 


(3) The distances of all the elevations of the samc point 


(projected from the same plan) from their respective ground 
lines are equal. 


(4) The distances of all the plans of the same point 
(projected from the same elevation) from their respective 
ground lihes are equal. 


Problem 1: 


_ + The projections of a line AB are given. Draw (2) ап auxi- 
Пату elevation of the line on an A.V.P. inclined at 60? to the V.P. 


and (ii) an auxiliary blan o А.Р о 
with de Hp. О an АТР. making an angle of 75 
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Let ab and a'b’ be the given projections (fig. 11-7). 
Draw a new ground line x, уу, inclined at 60° to xy to represent 
the A.V.P. Project the auxiliary elevation a,’b,’ from the 





Fic. 11-7 


plan ab, by making a,'o,' equal to a'o,, and 5,0, equal to 
b'oy. Similarly, draw xa уу for the A.I.P. (fig. 11-8), inclined 
at 75? to xy. Project the auxiliary plan agb, from the elevation 
a'b', by making 250," equal to ao, and 6,0,” equal to bog. 





Fic. 11-8 


Fig. 11-8(a) shows the auxiliary views when the projec- 
tions of AB .are given by third-angle projection method. 
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4 Еіс. 11-8(a) 


PROJECTIONS ‘OF LINES AND PLANES BY THE USE OF 
AUXILIARY PLANES: 

Projections of lines and planes at given inclinations to 
one or both the planes may also be obtained by the use of 
auxiliary planes. The method adopted is called the alteration 
or change of ground line method. | 
= Тһе: Бпе, in its initial position, is assumed to be para- 
Пе! to°both the planes of projection. Then, instead of mak- 
ing tlie line inclined to one of the planes, an auxiliary plane 
inclined to the line is assumed, i.e., a new ground line is drawn 
and the view is projected on it. 


In case of a plane, it is kept parallel to one of the planes 
of projection in the initial stage, the required views being 
obtained by projecting it on new ground lines. 


Problem 2: 


7 4 Ps Ай. 5 ст (2") long, is inclined at 30° to the H.P. 
апа tis plan makes an angle of 60° with the V.P. Draw i ec- 
tions (fig. '11-9). А AE dk 

Draw the projections ab and a'b’, assuming AB to be 
parallel to both the planes. Project a new plan а, оп a new 
ground line x, y, inclined at 30° to a’b’. a,6, is still parallel 
to x, уу. Draw another ground line x, y, to represent an A. V.P. 
inclined at 60° to the plan a,b,. Project the required ele- 
yation a,b, on хуу. Note. that, 4,0,—80, a,0,=a'0, ctc. 
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Problem 3: 


An equilateral triangle of 4 cm (11") side has an edge in the 
Н.Р. and inclined at 60° to the V.P. Its plane makes an angle of. 
45° with the H.P. Draw its projections (fig. 11-10). 





a 
Fic. | 1-10 


Draw the plan abc and the elevation a'5', assuming the 
triangle to be parallel to the H.P. and one side perpendi- 
cular to the V.P. Draw x,y, inclined at 45° to a'b” (the 
elevation) and passing through a’ (because the triangle has its 
edge in the H.P.). Project the new plan асі. Again, draw 
. a ground line x, уз inclined at 60° to the edge a,c, (which is 
to make 60? angle with the V.P.). Project the final elevation 
аүбү'сү on хә). Note that 5,0, = bb’, biog = b'o; etc. 
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TRUE LENGTH OF А LINE: 


We have seen that the true length of a line and its incli- 
nations with the planes of projection can be determined 
by making each of its projections parallel to ху (Chap. IX). 
Instead of changing the position of the projection, that of 
the plane may be altered, i.e., а new ground line represen- 
ting an auxiliary plane may be drawn parallel to the projec- 
tion, The auxiliary projection on that ground line will 
show the true length and true inclination of the line with 


the other plane. 


Problem .4: 


/The projections of a line AB are given. To determine iis true 
length and true inclinations with the reference planes. 


а, 





Fio. Il-11 ^ à 
Let ab and а'$' be the given projections of AB (fig. 11-11). 


Draw a ground line x, y, to represent an A.V.P. parallel to 


ab, the plan. Project the auxiliary elevation a 15,', which 15 
the true length of AB: 0 is its true inclination with the H.P. 


Similarly, draw xs y, parallel to a'b’, the elevation and 


project the auxiliary plan а,б. It is the true length of АВ 
and $ is its true inclination with the V.P. 
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Problem 5: 


wet _ The projections of a line AB viz. ab and a'b' are on the same 
projector as shown in fig. 11-12(ii). Ета the true length, incli- 
nations with the H.P. and the V.P. and the traces of AB. 





Fic. 11-12 


Draw a ground line x,y, parallel to the projections. 
It will be perpendicular to xy and will represent an auxiliary 
plane at right angles to both the H.P. and the V.P. as shown 
in fig. 11-12(z). Project the auxiliary elevation a, 5,', which 
will be the true length of AB. 0 and ф are its true inclina- 
tions with the H.P. and the V.P. respectively. Produce 
аүбү to meet xy at h and x, y, at v. The H.T: will be on the 
plan ab-produced, so that oH.T. =0,h. The V.T. is on the 
elevation a’b’-produced, so that oV. T. = 0,0 A 


The distances of the ends of the line from хуу, are kept 
equal to their respective distances above xy by drawing 
qua;ter circles with o, as centre, as shown. 


POINT-VIEW OF A LINE AND EDGE-VIEW OF А PLANE: 


We have seen in Chapter IX that when a line is per- 
pendicular to a reference plane, its projection on that plane 
is a point; while its projection on the other reference plane 
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shows its true length. In other words, the projection of the 
view of a line showing its true length, on an auxiliary plane 
perpendicular to that view will be a point. Similarly, a 
plane will be seen as a line, when it is projected on a plane, 
perpendicular to the true length of any one of its elements. 
The projection of the line-view or edge-view of a plane on 
an auxiliary plane parallel to it, will show the true shape 
and size of the plane. 

Uses of the point-view of a line and the edge-view of 
a plane on auxiliary planes are illustrated in the following 
problems: 


i 
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Problem 6: 


X Fie projections of a line PQ are given. Determine, (i) the 
distance of its mid-point from xy and (i) the shortest distance of the 
line from xy. | 


—— A TT ee 
. 





Fic. 11-13 


Let pq and р' be the given projections of PQ (fig. 11-13). 
Draw а new ground line x, y,, perpendicular to xy and 
project the end elevation 5,'g,' on it. 


When considering the end elevation, x, у, is the edge-view 
of the V.P. and xy is that of the Н.Р. The point o is the end 
elevation or the point-view of the line of intersection of the 
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` V.P. and the H.P., i.c. xy. The line joining any point on p,'g,’ 
with o, will show the shortest distance of that point from xy. 
(i) Find the mid-point a,’ of 5,'g,' and join it with o. 
oa,’ is the distance of the mid-point of PQ from xy. 
(0) From o, draw a line ob, perpendicular to by. 
ob is the shortest distance of PQ from xy. It will be perpen- 
dicular to both РО and ху. 


Problem 7: 


An isosceles triangle ABC, base 6:5 cm (21") and altitude 
$ ст (1}") has its base AC in the H.P. and inclined at 30° to 
the V.P. The corners A and В are in the V.P. Draw its projec- 
ions (fig. 11-14). 





x, 


Ес: 11-14 


Assume the triangle to be lying in the H.P. with the base 
AC inclined at 30° to the V.P. and А in the V.P. Its true 
shape will be seen in the plan. 

Therefore, in plan, draw ac 6:5 cm (21") long and 
inclined at 30° to xy and complete the triangle abc. Project 
c to c' on xy. 


When the triangle is tilted about the edge AC, so that ! 
the corner В is in the V.P., in the plan, the point 4 will move | 
along а line perpendicular to ас, to a point 0; in xy. The 
distance of the elevation of B above xy may now be deter- 
mined by means of an auxiliary planc. Draw a ground 
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line 5454 perpendicular to ac. Project an auxiliary eleva- 
tion of the triangle abc. It will be a line ba А showing the 
edge-view of the triangle; a,’ is the point-view of the line ac. 
When b moves to b, b’ will move along the arc, drawn with 
a, as centre and radius equal to а; 0, to bi on the line 
through 6, drawn perpendicular to ху21. ob,’ is the required 


distance. 
Therefore, through b, draw a line perpendicular to xy 
a / 
` and оп it, mark a point J,’ such that, bbe’ = ob, . 
Join а and c with бу. азс and ab,c are the required 
projections. | 
А | 
a, e' 


m~ 





Ес. 11-15 


TRUE SHAPE OF A PLANE FIGURE: 


The true shape of any plane figure may be determined 
by means of its projections on auxiliary planes, as illustra- 
ted in problems 8 and 9. . - 
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Problem 8: 


Fig. 11-15 shows the plan abcd and elevation a'b'c'd' of a 
quadrilateral. Determine its true -shape. 


Through any corner, say a’, draw a line parallel to xy 
and meeting b’c’ at e’. Project e’ to e on the line bc in plan. 
ae is the true length of the element a’e’. 

Draw a ground line x,y, perpendicular to ae. Project 
а new elevation from the plan. It is a line d,’b,’. 

Again, draw another ground line х,у» parallel to the 
line-view d} b,’ and project оп it, a new plan a,b,¢,d,, which 
will show the true shape of the quadrilateral. 

Note that b'o, = b'o, буо» = bo, сіс. 


Problem 9: 


Projections of a pentagon resting in the Н.Р. on one of its sides 
are given. Determine the true shape of the pentagon (fig. 11-16). 





Fic. 11-16 


ae is the true length of the side because it 1s parallel to 
the H.P. Draw a ground line x,y, perpendicular: to ae. 
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\ Шат it. It will give a point- 
Project an auxiliary elevation on it. ma Е pe po D 
view a,’ of ae and an edge-view 4 ¢ 9 the pentagon. 
another ground line x9)» containing 4,6; and project an 
auxiliary plan 40106 which will be the true shape of the 
pentagon. 


EXERCISES XI 


Solve the following exercises by applying the method of 
projections on auxiliary planes: 

(1) Determine the true length, inclinations with the H.P. 
and the V.P., and the traces of the line PQ in Prob. 17, Chapter IX. 


(2) Find the true length and the distance of the mid-point 
from xy of the line whose projections are given in Prob. 13, 
Chapter IX. 


(3) Draw the projections of the various plane figures as 
required in Exs. 1, 2 and 3 of Chapter X. 


(4) abc is an equilateral triangle of altitude 5 cm (2") with 
ab in xy and c below it. abc’ is an isosceles triangle of altitude 
7:5 cm (3”). c' is above xy. Determine the true shape of a triangle 
ABC, of which abc is the plan and abc’ is the elevation. 


(3) Determine the true shape of the figure, the plan of 
which is a regular pentagon of 3:5 cm (1$”) side, having one side 
inclined at 30° to xy and whose elevation is a straight line making 
an angle of 45° with xy. Use third-angle projection method. 


(6) An equilateral triangle ABC of sides 7-5 cm (3") long 
has its side AB in the V.P. and inclined at 60° to the Н.Р. Its 
plane makes an angle of 45° with the V.P. Draw its projections. 

(7) An isosceles triangle PQR having the base PQ 5 cm 
(2") long and altitude 7:5 cm (3") has its corners P, Q and R 
2-5 cm (1^), о em (2") and 7:5 cm (3”) respectively above the 
ground. Draw its projections. Use third-angle projection method. 


` 
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CHAPTER Xll 


PROJECTIONS OF SOLIDS 


- 








A solid has three dimensions viz. length, breadth and 
thickness. To represent a solid on a flat surface having 
only length and breadth, atleast two orthographic views 
are necessary. Sometimes, additional views, projected on 
auxiliary planes, become necessary to make the description 
of a solid complete. 


Solids may be divided into two main groups: (i) pol- 
hedra and (її) solids of revolution. 


Polyhedra: А polyhedron is defined as a solid boun- 
ded by planes called faces. When all the faces are equo and 
regular, the polyhedron is said to be regular. 


There are five regular polyhedra which may be defined 
as stated below: 





Tetrahedron Cube | Octahedron 
Fic. 12-1 Fic. 12-2 Fic. 12-3 


(i) Tetrahedron: It has four equal faces, each an 
equilateral triangle (fig. 12-1). 

(ii) Cube or hexahedron: It has six faces, all equal 
squares (fig. 12-2). 

(iii) Octahedron: It has eight equal equilateral tri- 
angles as faces (fig. 12-3). 


(iv) Dodecahedron: It has twelve equal and regular 
pentagons as faces (fig. 12-4). 


-= 
‘2 
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vv) Icosahedron: It has twenty equal faces, all equi- | 
lateral triangles (fig. 12-5). | 

| | 

| 

| 

| 









Icosahedron | 
Fic. 12-4 Fic. 12-5 | 





Prism is a polyhedron having two equal and similar | 
faces, called its ends or bases, parallel to each other and i 
joined by other faces which are parallelograms. The 
imaginary line joining the centres of the bases is called the 
axis. 


| 
| 
| 
| 
| 
| 
| 
| 
i 
L 





Pentagonal 
Prisms 
Fic. 12-6 


А right regular prism (fig. 12-6) has its axis perpendicular 
to the bases. АП its faces are equal rectangles. 


A pyramid is a polyhedron having a plane figure as a 
base and a number of triangular faces meeting at a point 
called the vertex or apex. The imaginary line joining the 
apex with the centre of the base is its axis. 





L4 
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A right regular pyramid (fig. 12-7) has its axis perpendi- 
cular to the base which is a regular plane figure. Its faces 
are all equal isosceles triangles. 





Triangular | Square Pentagonal 
Pyramids 
Ес. 12-7 


Oblique prisms and pyramids have their axes inclined 
to their bases. 


Prisms and pyramids are named according to the shape 
of their bases, as triangular, square, pentagonal, hexagonal etc. 





Cylinder Cone 
Fic. 12-8 Fic. 12-9 Fic. 12-10 


Solids of revolution: A right circular cylinder (fig. 12-8) 
is a solid generated by the revolution of a rectangle about 
one of its sides which remains fixed. It has two circular bases. 
The linc joining the centres of the bases is the axis. It is 
. perpendicular to the bases. | 

A right circular cone (fig. 12-9) is a solid generated by the 
revolution of a right-angled triangle about one of its per- 
pendicular sides which is fixed. It has one circular base. 
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Its axis joins the apex with the centre of the кың to ушщ 
it is perpendicular. Straight lines drawn from the apex to 
the circumference of the base-circle are all equal and are 
called generators of the cone. The length of the generator 
is the slant height of the cone. | 
А sphere (fig. 12-10) is a solid generated by the revolution 
of a semi-circle about its diameter as the axis. The mid- 
point of the diameter is the centre of the sphere. АП points 
on the surface of the sphere are equidistant from its centre. 


Oblique cylinders and cones have their axes inclined to 
their bases. 





Frustums 
Fic. 12-11 


When a pyramid or a cone is cut by a plane parallel 
to its base, thus removing the top portion, the remaining 
portion is called its frustum (fig. 12-11). 


When a solid is cut by a plane inclined to the base it is 
said to be truncated. 


= In this book, mostly right and regular solids are dealt 
with. Hence, when a solid is named without any quali- 
fication, it should be understood as being right and regular. 


PROJECTIONS OF SOLIDS IN SIMPLE POSITIONS: 


А. solid in simple position may have its axis perpendicular 
to one reference plane or parallel to both. When the axis is 
perpendicular to one reference plane, it is parallel to the other. 


Also, when the axis of a solid is perpendicular to a plane, its 


base will be parallel to that planc. ‘We have already seen 
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that when a plane is parallel to a reference plane, its projec- 
tion on that plane shows its true shape and size. Therefore, 
the projection of a solid on the plane to which its axis is 
perpendicular, will show the true shape and size of its base. 


Hence, when the axis is perpendicular to the ground, 
i.e. to the H.P., the plan should be drawn first and the ele- 
vation projected from it. 


When the axis is perpendicular to the V.P., beginning 
should be made with the elevation. The plan should then 
be projected from it. 


When the axis is parallel to both the H.P. and the V.P., 
neither the plan nor the elevation will show the actual 
shape of the base. In this case, the. projection of the solid 
on an auxiliary plane perpendicular to both the planes, viz. 
the end elevation must be drawn first. The elevation and 
the plan are then projected from the end elevation. The 
projections in such cases may also be drawn in two stages. 


AXIS PERPENDICULAR TO THE H.P.: 
Problem 1 (fig. 12-12): 


Draw the'plan and the elevation of a triangular prism, base 
4 cm (13") side, axis 5 cm (2") long, resting on one of tts bases on 
the ground with a vertical face perpendicular to the V.P. 





(i) First-angle projection (ii) Third-angle projection 
Fic. 12-12 


As the axis is perpendicular to the ground, begin with 
the plan (fig. 12-12). It will be an equilateral triangle of 
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sides 4 cm (14”) long, with one of its sides perpendicular 
to xy. Name the corners as shown, thus completing the plan. 
The corners d, e and f are hidden and coincide with the top 
corners a, 6 and c respectively. 

Project the elevation, which will be a rectangle. 
Name the corners. The line b'e’ coincides with a'd’. 


Problem 2: 


Draw the projections of a pentagonal pyramid, base 5 cm (1 +”) 
edge, axis 5 cm (2") long, having its base on the ground and an edge 
of the base parallel to V.P. Also draw its end elevation. 

(a) First-angle projection [fig. 12-13(2)]: 


Assume the side DE which is nearer the V.P., to be 
parallel to the V.P. as shown in the pictorial view. 


far "ms Р; * 
E ard Ne E RAN Js 
Y eo Q^ NEN IE 
Aa pes p , м PES 





Fic. 12-13(i) 


In the plan, draw a regular pentagon abcde with de parallel 


to and nearer xy [fig. 12-13(7)]. Locate its centre o and join 
it with the corners to indicate the slant edges. 


Through o, project the axis in the elevation and matk 


the apex o', 5 cm (27) above xy. Project all the corners of “` 
the base on ху. Draw lines o'a', o'b' and o'c' to show the visible 


edges. Show the hidden edges o'd' and o'e’ by dashed lines. 
For the end elevation looking from the left, draw a new 


ground line x, y, perpendicular to x j 
; ) су and to the right of the 
elevation. Project the end elevation on it, idrizontally from 
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the elevation as shown. The respective distances of all the 
points in the end elevation from x, y,, should be equal to their 
distances in the plan from xy, e.g. ga, = aa’, qb, = bb’ etc. 
This is done systematically as explained below: 


From each point in the plan draw horizontal lines upto 
*4J 1. With q, the point of intersection between ху and X14 
as centre, draw quarter circles as shown. Project up all 
the points to intersect the corresponding horizonal lines 
from the elevation. Instead of quarter circles, lines drawn 
at 45° to xy and x,y, will also give the same result. 





Fic. 12-13(ii) 


(b) Third-angle projection [fig. 12-13(z)]: 

The pyramid is kept in the same position and hence, DE 
is: away from the V.P. 

Draw the plan, with de away from xy. 

Project all the corners of the base on GZ (the line for the 
ground) and complete thc elevation. 


End elevation from the left will come to the left of the 
elevation. Hence, draw x, уу to the left of the elevation and 
project the end elevation as shown. 

Note that the views obtained by the two methods are 
identical except for their positions. 
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Problem 3 (fig. 12-14): 

Draw the projections of (i) a cylinder, base f єт ( 1 x) diameter, 
axis 5 cm (2") long, and (ii) a cone, base 4 cm (13^) diameter, axis 
5 cm (2") long, resting on the ground on their respective bases. 





a’ fg’ o 
T 
| | 
| | 
ы | 
[4' |а 

r 2 3 / | TTE 
d 14 

П c { 188 
Di g 

G G) КО 
Fic. 12-14 


Gi) Draw a circle of 4 cm (13^) dia. in the plan and 
project the elevation, which will be a rectangle [fig. 
12-14(2)]. 


(Ш) Draw the plan [fig. 12-14(iii)]. Through the 
centre o, project the apex o, 5 cm (2") above ху. Com- 
plete the triangle in the elevation, as shown. 


In the pictorial view [fig. 12-14(i)], the cone is shown 
as contained by the cylinder. 


Problem 4 (fig. 12-15): 


А cube of 5 cm (2") side is resting on the ground, with its vertical 
faces equally inclined to the V.P. Draw its projections. 


Begin with the plan. 


_Draw a square abcd with a side making 45? angle with ху. 
Project up the elevation. The edge d'h’ will coincide with b'f’. 
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Fic. 12-15 


Problem 5 (fig. 12-16): 


Draw the projections of a hexagonal pyramid, base 4 cm. (13^) 
) long, having its base on the ground and 
one of the edges of the base inclincd at 45? to the V.P. 


" 


side, axis 6:5 ст (24 


In the plan, draw a line 
af equal to 4 cm (11^) and 
inclined at 45° to xy. Cons- 
truct a regular hexagon on af. 
Mark its centre o and com- 
plete the plan by drawing lines 
joining it with the corners. 


Project up the elevation 
as described in problem 2, 
showing the hidden edges 06" 
and of’ as dashed lines. 


Problem 6 (fig. 12-17): 

“© A tetrahedron of 5 cm (2") 
edge is resting on the ground on one 
of its faces, with an edge of that 
face parallel to the V.P. Draw 
tts projections and measure the 
distance of its apex from the ground. 


e 
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All the four faces of the 
tetrahedron are equal equilateral 
triangles of 5 cm (2”) side. 


Draw an equilateral triangle 
abc in the plan with one side, 
say ac, parallel to ху. Locate its 
centre o and join it with the 
corners. 


In the elevation, the corners 
a’, b' and с will be in ху. The 
apex o' will lie on the projector 
through o, so that its true distance 
from the corners of the base is 
Уга: 12217 equal to 5 ст (2^). 





. To locate o', make oa (or ob or oc) parallel to xy. Project 
a, to a,’ on ху. With ау as centre and radius equal to 5 cm 
(2"), cut the projector through o ino. Join oa, o b' and 
o'& to complete the elevation. 0’b’ will be the distance of 
the apex from the ground. 


In problems 3 to 6, according to third-angle projection 
method, in the elevation, the base of the solid in each case 
will be on GZ, while the plan will be above the elevation and 
above x). 


AXIS PERPENDICULAR TO THE V.P.: 
Problem 7: 


A hexagonal prism has one of its rectangular faces parallel to 
the ground. Its axis is perpendicular to the V.P. and 3-5 cm (13") 
above the ground. Draw its projections when the nearer end is 2 cm 
(2^) from the V.P. Side of base 2-5 cm (1") long; axis 5 cm (2") long. 


(a) First-angle projection [fig. 12-18(i)]: 
Begin with the elevation. Construct a regular hexagon 


of 2-5 cm (1°) side with its centre 3:5 cm (13^) above xy and 
one side parallel to it. 
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Fic. 12-18(i) 





Fic. 12-18(ċ) 
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Project the plan as shown, the line 1-4 being 2 cm (2^) 
below xy. . 

(b) Third-angle projection [fig. 12-18(i)]: 

Construct the regular hexagon with its centre 3-5 cm 
(12^) above GL and one side parallel to it. Project up the 
plan, keeping the nearer end, viz. the line ad, 2 cm (2^) 
above ху. 


Problem 8: 


A square pyramid, base 4 cm (1X") side, axis 6:5 ст (21^) 
long, has its base in the V.P., an edge of the base inclined at 30° 
to the ground and a corner contained by that edge on the ground. 
Draw tis projections. 





Fic. 12-19(i) 


(a) First-angle projection [fig. 12-19(i)]: 


Draw a square in the elevation, with corner d’ in 
ху and side d с inclined at 30° to it. Locate the centre 
0 and join it with the corners of the square. 


Project down all the corners in xy (because the base is 
in the V.P.). Mark the apex o on a projector through o". 
Draw the slant edges and complete the plan. 


(b) Third-angle projection [fig. 12-19(ii)]: 
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The corner d' of the square in elevation will be in GL. 
The slant edges will not be visible; hence, they will be dotted. 
Project up Ше plan with all the corners of the base in xy 
and the apex o above xy. 





Fic. 12-19(2i) 


AXIS PARALLEL TO BOTH THE H.P. AND THE V.P.: 
Problem 9 (fig. 12-20): 


«^L А triangular prism, base 4 cm (1X") side, height 6-5 ст (23^), 
is resting on the ground on one of its rectangular faces with the axis 
parallel to the V.P. Draw its plan and elevation. 


As the axis is parallel to both. the planes, begin with 
the end elevation. 


Draw an equilateral triangle representing the end 
elevation, with one side in xy. Project the elevation hori- 
zontally from this triangle. Project down the plan from the 
elevation and the end elevation, as shown. 


In third-angle projection, the base of the triangle in the 
end view will be in GZ. The elevation will be projected to 
the left of the end view (if the naming of the corner is kept 
the same). The plan will come above the elevation. 
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This problem can also be solved in two stages as ex- 
plained in the next article. 





Fic. 12-20 


EXERCISES XII(i) 


Draw the projections of the following solids, situated in their 
respective positions, taking a side of base equalito 4 cm (11") 
or diameter of base equal to 5 cm (2") and axis 6:5'cm (21") long. 
Use any one method of projection. 


(1) А hexagonal pyramid, base on the ground and a side 
of the base parallel to and 2-5 cm (1") away from the V.P. 


(2) A square prism, base on the ground, a side of the 


base inclined at 30* to the V.P. and the axis 5 cm (2") away from 
the V.P. 


(3) A triangular pyramid, base on the ground and an edge 


of the base inclined at 45° to the V.P.; the apex 4 cm (11^) 
from the V.P. : j 


3 (4) A cylinder, axis perpendicular to the V.P. and 4 cm 
(14°) above the ground; one end 2 cm (2") away from the У.Р. 


(5) A pentagonal prism, a rectangular face on the ground, 
axis perpendicular to the V.P. and one base in the V.P. 


(6) A square pyramid, all edges of the base equally inclin- 


ed to the H.P. and the axis parallel to and 5 " 
the H.P. and the V.P. and 9 cm (2") from both 
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(7) А cone, apex on the ground and 4 cm (14”) from the 
V.P.; axis perpendicular to the ground. 


(8) A pentagonal pyramid, base in the V.P. and an edge of 
the base on the ground. 


Projections of solids with axes inclined to one of the 
reference planes and parallel to the other: 


When a solid has its axis inclined to one plane and 
parallel to the other, its projections are drawn in two stages. 
In the initial stage, the solid is assumed to be in simple 
position, i.e. its axis perpendicular to one of the planes. 


If the axis is to be inclined to the ground, ie. the H.P., 
it is assumed to be perpendicular to the H.P. in the initial 
stage. 


Similarly, if the axis is to be inclined to the V.P., it is 
kept perpendicular to the V.P. in the initial stage. 


Also, when the solid is to rest on an edge of the base, 
that edge should be kept perpendicular to the V.P. 


Having drawn the projections of the solid in its simple 
position, the final projections may be obtained by one of the 
following methods: 


I. Alteration of position: The position of one of the 
views is altered as required and the other view projected 
from it. 


II. Alteration of ground line: A new ground line is 
drawn according to the required conditions, to represent an 
auxiliary plane and the final view projected on it. 


In the first method, the reproduction of a view accu- 
rately in the altered position is likely to take considerable 
time, specially, when the solid has curved surfaces or too 
many edges and corners. In such cases, it is easier and 
more convenient to adopt the second method. Sufficient 
care must however be taken in transferring the distances of 
various points from their respective ground lines. 


After determining the positions of all the corners or 
points in the final view, difficulty is often felt in comple- 


- 
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ting the same correctly. The following sequence for joining 
the corners may be adopted: 

(i) Draw the lines for the edges of the visible base. 
In first-angle projection, the base, which (compared to the 
other base) is further away from xy in one view, will be fully 
visible in the other view. 


In third-angle projection, it is just the reverse. The 


base or end, which (compared to the other base) is nearer to . 


xy in one view will be fully visible in the other view. 


(ii) Draw the lines for the longer edges. The lines 
which pass through the figure of the visible base should be 
dashed lines. 


(ш) Draw the lines for the edges of the other basc. 
It should always be remembered that, when two lines 


| representing the cdges cross each other, one of them must 
‚ be hidden and should therefore be drawn as a dashed line. 


AXIS INCLINED TO THE V.P. AND PARALLEL TO THE H.P.: 
Problem 10 (fig. 12-21): 


.. Draw the projections of a pentagonal prism, base 2-5 ст (1") 
side and axis 5 cm (2") long, resting on one of its rectangular faces 
on the ground, with the axis inclined at 45° to the V.P. 


In the simple position assume the prism to be on one 


of its faces on the ground with the axis perpendicular to 
the V.P. 


_ Draw the pentagon in the elevation with one side 
in xy and project the plan [fig. 12-21(1)]. 

The shape and size of the figure in the plan will not 
change, so long as the prism has its face on the ground. The 


respective distances of all the corners in the elevation from 
Xy will also remain constant. 


Final projections : 


Method I [fig. 12-21 (i)]: 


2 Alter th iti 
ie. reproduce it with the axis € position of the plan, 


inclined at 45° to xy. Project 
all the corners upwards from this plan and Perizon, 


from the first elevation, С.Б. a vertical from a intersecting 
a horizontal from a' at a point a,’. 
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Complete the pentagon a,'0,'....e,' for the fully visible 
end of the prism. Next, draw the lines for the longer edges 





(iv) 
Fic. 12-21 


and finally, draw the lines for the edges of the other end. 
Note carefully that the lines a,'1,, 1,2, and 1,5, are 


ы 
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dashed lines. гү 54 is hidden but it coincides with other. 


visible lines. 


Method II [fig. 12-21(їй)]: Draw а new ground line 
хуу, making 45? angle with the plan of the axis, to represent 
an auxiliary vertical plane. Draw,projectors from all the 
points in the plan, perpendicülar to хуу, and on them, 
mark points keeping the distance of cach point from x, 7, 
equal to its distance from xy in the elevation, c.g. /,g, is equal 
to b’g, etc. Join the points as already explained. The auxi- 
liary clevation and the plan are the required projections. 


Fig. 12-21(tv) shows the solution in third-angle projec- 
tion, by auxiliary plane method. Note that ed’ is in GL. 
xy and the plan are above the elevation. In auxiliary eleva- 
tion, the end a,’b,’...e,’ is fully visible, because that end 
is nearcr xy in the plan. 


Problem 11 (fig. 12-22): 


Draw the projections of a cylinder 7-5 cm (3") diameter and 
10 cm (#") long, lying on the ground with its axis inclined at 30° 
to the V.P. and parallel to the ground. 


b 3, 
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Adopt the same methods as in the previous problem. 
The ellipses for the ends should be joined by common 
tangents. Note that' half of the ellipse for the hidden base 
will be dotted. 


Fig. 12-22(iii) shows the elevation obtained by method II. 


In third-angle projection, the method will be the same 
as in the previous problem. 
AXIS INCLINED TO THE H.P. AND PARALLEL TO THE V.P.: 
Problem 12 (fig. 12-23): 

A hexagonal pyramid, base 2-5 cm (1") side, axis 5 cm (2") 


long, has an edge of its base on the ground. Its axis is inclined a 
30? to the ground and parallel to the V.P. Draw its projections. 





(zit) | (i) 
| Fic. 12-23 
In the initial position assume the axis to be perpendicular 
to the ground. ‘ 
(i) Draw the projections. with one edge of the base 
perpendicular to xy. 


If the pyramid is now tilted about the edge AF, the axis 
will become inclined to the ground but will remain parallel 
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to the V.P. The distances of all the corners from the V.P. 
will remain constant. 

The elevation will not be affected except in its position 
in relation to xy. The new plan will have its corners at same 
distances from xy, as before. | 

Method I [fig. 12-23(4)]: Reproduce the elevation 
so that the axis makes 30? angle with xy and the edge a'f’ 
remains in xy. Project all the points downwards from this 
elevation and horizontally from the first plan. Complete 
the new plan by drawing (i) lines joining the apex o, with 
the corners of the base and (ii) the lines for the edges of the 
base. The base will be partly hidden as shown by dashed 
lines аду, €, f, and fja,. Lines of, and o,a, are also not 
visible. 

Method П [fig. 12-23 (iii)]: Through a’, draw a new ground 
line хуу, inclined at 30? to the axis, to represent an auxiliary 
inclined plane. From the elevation project the required plan 
. On хуу, keeping the distance of each point from 3,24 equal 
to the distance of its first plan from xy, viz. b,q = bb’ etc. 





Fig. 12-93 


Fig. 12-23 (iv) shows the 


jection by method II. GL, (passing through a^) and 2,7, 


solution in third-angle pro- 
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make 30° angle with the axis. The distances of all the 
corners in auxiliary plan from x, у, are equal to their respective 
distances from xy in plan. The base is not fully visible. 


Problem 13 (fig. 12-24): 
Draw the plan and the elevation of a cone, base 7-5 cm (3") 


diameler, axis 10 ст (4") long, lying on the ground on one of its 
generators with the axis parallel to the V.P. 


C, 





—i—s 
| 
| 
< 
== 
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(i) . QU) 
Fic. 12-24 

(i) Assuming the cone to be resting on its basc on the 
ground, draw its projections. 

(ii) Redraw the elevation so that the line 07° is in ху. 
Project the required plan as shown. The lines from o, 
should be tangents to the ellipse. 

The plan obtained by auxiliary-plane method is shown 
in fig. 12-24(ii). The new ground line is drawn so as to 
contain the generator o'l' instead of o'7' (for sake of con- 
veniencc). The cone is thus lying on the generator o'l’, 
Note that 1/1, = 171, o'o, = 40 etc. _ 
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Fig. 12-23(v) shows the solution in third-angle pro- 
jection. бү, coincides with 0'l'^ and хуу, is parallel 
to it. ` 


Problem 14: 


The projections of a cylinder resting centrally on a hexagonal 
prism are given in fig. 12-25(i). Draw its auxiliary elevation on 
a ground line inclined at 60° to xy. 


See figure 12-25(й) which is self-explanatory. 





Fic. 12-25 


Problem 15 (fig. 19-26): 


; 4 square-headed bolt 2-5 cm (1") diameter, 12-5 cm (5") 
ong and having а square neck, has its axis parallel to the ground and 
inclined at 45? to the V.P. All the Jaces of the square head are 


equally inclined to the ground. Draw i А 
ый and chamfer. аш ils elevation neglecting the 
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(a) First-angle projection [fig. 12-26(i)]: 


(i) Assuming the axis to be perpendicular to the V.P. 
draw the elevation. It will consist of two squares and a circle. 
The sides of the squares will make 45° angle with xy. 


| Project the plan. (In the figure, the length of the bolt 
is taken shorter.) 


(ii) Reproduce the plan with the axis making 45° 
mu with xy and project the required elevation as 
shown. 





Fic. 12-26 


(b) Fig. 12-26(4) shows the elevation in third-angle 
projection by auxiliary plane method. 


Problem 16 (fig. 12-27): 


A hexagonal prism, base 4 cm (15^) side, and height 4 cm (14"), 
has a hole of 4 cm (14") diameter drilled centrally through its ends. 
Draw its plan when it is resting on one of its corners in the ground 
with its axis inclined at 60° to the ground and two of its faces para- | 
llel to the V.P. m 

(i) Begin with the plan and project up the elevation, : A. 
assuming the axis to be vertical. (ii) Tilt the clevation and _ SENE 






CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri d кз, = 





268 ELEMENTARY ENGINEERING DRAWING 


project the required plan. Note that a part of the ellipse 
for the lower end of the hole will be visible. 


Toot: 

ШИШИ 
КОН 
куу 


Fic. 12-27 











Problem 17 (fig. 12-28): 


The projections of a hopper made of Un shect are given. Project 


another plan on an auxiliary inclined plane making 45° angle with 
the ground. 


. „Draw a new ground line x,y, inclined at 45° to xy and 
project the required plan on it, from the elevation. Show 
carefully, the visible ellipses for the outer as well as the inner 
parts of the hopper rings. 


Projections of solids with ee 
Н.Р. and the V.P.: ondes clined: to both the 


The projections of a solid with its axis inclined to both 
the planes are drawn in three stages: (i) Simple position. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


PROJECTIONS OF SOLIDS 269 


(ii) Axis inclined to one plane and parallel to the other. 
(iii) Final position. The second and final positions may 
be obtained either by the alteration of the positions of thc 
solid, 1.c. the views, or by the alteration of ground lines. 





Fic. 12-28 


Problem 18: 

A square prism, base 2-5 cm (1") side, height 5 cm (2"), has 
its axis inclined at 45° to the ground and has an edge of tts base on the 
ground and inclined at 30° to the V.P. Draw its projections. 

Method I (fig. 12-29): (i) Assuming the prism to be 
resting on its base on the ground with an edge of the base, 
say fg, perpendicular to the V.P., draw its projections. 


Assume the prism to be tilted about the edge which is 
perpendicular to the V.P., so that the axis makes 45° angle 
with the ground. 
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(ii) Hence, change the position of the elevation, so that 
the axis is inclined at 45° to xy. Project the second plan. 


E d 


XA ТУМ 


aA „Ак з 
4 9S = aly 
> l а 1 
1 N 
ы 6, £i г а, `4, й) с, À 


' 












| 4 
3 





(2) (ii) 2 (iii) ^ (iv) 
Fic. 12-29 


Again, assume the prism to be turned so that the edge 
on which it rests, makes an angle of 30° with the V.P., 
keeping the inclination of the axis with the ground constant. 


The shape and size of the second plan will remain the 
same; only its position will change. In the elevation, the 
distances of all the corners from xy will remain the same as 
in the second elevation. 


. (iü) Therefore, reproduce the second plan with figi 
inclined at 30° to xy. Project the final elevation upwards 
from this plan and horizontally from the second clevation, 
e.g. a vertical from a, and a horizontal from a’, intersecting 
ata. Аз the top end is away from xy in the plan, it will be 
fully visible in the elevation. Complete the elevation show- 
ing the hidden edges by dashed lines. 


ae (iv) The second plan may be turned in the opposite 
irection as shown. In this position, the lower end of the 
Prism, йд. ej Jig h, will be fully visible in the elevation. 


Fig. 12-29(a) shows the solution in thi : 
n.third-angle projec- 
поп. Note that the end which is Nie ded bets 
fully visible in the other view. pane Un One: views 
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(2) (ii) (iii) (iv) 








Fic. 12-30 M 
Method II (fig. 12-30): (i) Draw the plan and elevation = 
inthe simple position. (ii) Draw a ground line x,y, through - 38 
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f’ (to represent an auxiliary inclined plane) making 45° angle 
with the axis in the elevation. Project the auxiliary plan. 
(iii) Draw another ground line X» (representing an auxiliary 
vertical plane), inclined at 30" to the line f,g;. Project the 
required clevation from the auxiliary plan, keeping the 
distance of each point (in the new elevation) from +, yp, 
equal to its distance (in the first elevation) from x4», c.g. 
a; = a'q ctc. 
Note: The new ground line satisfying the required condi- 
tions may be drawn in various positions, as expiained 
in Chapter XI. 


U-Problem 19 (fig. 12-31): 


Draw ihe projections of a cone, base 5 cm (2") diameter, axis 
7-5 ст (3") long, when it is resting on the ground on a point on its 
base-circle with (a) the axis making an angle of 30° with the ground 
and 45° with the V.P.; (b) the axis making an angle of 30° with 
the ground and its plan making 45° with the V.P. 


(i) Draw the plan and the elevation with the base on 
the ground. 


7 н — B - 7 


(i) (i) (iH) — ^w (фу 
Fic. 12-31 


(i) Tiltthe elevation so that the axi i 
with xy. Project the second plan. s KM I: 


(а) In order that the axis ma ° 
: y make an angle of 45 
with the V.P., let us determine the apparent angie of incli- 
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nation which the plan of the axis, viz. o, f, should make with 
- Xy and which will be greater than 45°. 

(iii) Mark any point р, below xy. Draw a line фу 
equal to the true length of the axis, viz. o’p’, and inclined 
at 45° to xy. With f, as centre and radius equal to f,0, 
(the length of the plan.of the axis) draw an arc cutting the 
locus of o9 at о. Then f is the apparent angle of inclina- 
tion and is greater than 45°. 

Around f,e, as axis, reproduce the second plan and 
project the final elevation as shown. 

Note that the base of the cone is not visible in the ele- 
vation. 

(b) When the plan of the axis is to make 45° angle 
with the V.P., it is evident that p,0, should be inclined at 
45? to xy. Hence, reproduce the plan accordingly and project 
the required clevation [fig. 12-31(zz)]. i 





(2) (72) |. (ii) (iv) 
Fic. 12-31(а) MED 
Fig. 12-31(a) shows the projections in third-angle projection. 
. Problem 20 (fig. 12-92): — | 
AS A pentagonal pyramid, base*2-5 ст (1") side, axis 5 cm (27) 
long has one of its triangular faces in’the V.P. and the edge of the 
base contained by that јасе makes ап angle of 30° with the ground. 
Draw its: projections. - . | 
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(i) In the initial position, assume the pyramid as 
having its base in the V.P. and an edge of the base perpendi- 
cular to the H.P. The elevation will have to be drawn first 
and the plan projected from it. 





[HE раи RS 
= [EET 2 == 
| | @ Gi) 
Fic. 12-32 
0 
Jani as. i ОЗ 
2— —— 4 
f 
| Ooye m 
Lhe Sell ` | 


б) (ii) 
Fic. 12-32(a) 


Position of the plan so that the line 
isin xy. Project the second elevation. 


(iii) 





(ii) Change the 
ol (for the face o 1 5) 
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(iii) Tilt this elevation so that the line 1,5, makes 
30? angle with xy. Project the final plan. 

In third-angle projection [fig. 12-32(z)] in the first 
position, the slant edges in the elevation are hidden and 
hence, shown dotted. In position (ii), the face 0,'1,5,' is 
visible while the base is hidden. In position (iii), the base 
in the plan is fully visible as it is nearer xy in the elevation. 


Froblem 21 (fig. 12-33): 
A square pyramid, base 4 ст (14") side, axis 5 cm (2") long, 
is freely suspended from one of the corners of its base. Draw. its 


brojections, when the axis as a vertical plane makes an angle of 45° 
with ihe V.P. 


= 





(1) (1i) (21) 
Fic. 12-33 
When a pyramid is suspended freely from a corner of 
its base, the imaginary line joining that corner with the 
. centre of gravity of the pyramid will be vertical. 


The centre of gravity of a pyramid lies on its axis and 
at a distance equal to } of the length of the axis, from the 
base. 

Assume the pyramid to be suspended from a corner 
A of the base. jae 
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In the initial position, the pyramid should be kept with 
its base on the ground and the line joining А with the centre of 
gravity G, parallel to the V.P. In the plan, G will coincide 
with the plan of the axis. 

(i) Therefore, draw a square abcd (in the plan) with 
ag, ie. ао parallel to xy. Project. the elevation. Mark g’ 
at a distance equal to 4 of the axis from xy. Join a’ with g’. 

(ii Tilt the elevation so that a'g' is perpendicular to 
xy and project the plan. The axis will still remain parallel 
to the V.P. | | 

(iii) Reproduce this plan, so that оуф, (the plan of the 
axis) is inclined at 45° to xy. · The axis as a vertical plane 
will thus be making 45° angle with the V.P. Project the 
final elevation. 





Fic. 12-34 


Fig. 12-34 shows the projections obtained by the change 
of ground line method.. e 


Problem 22 (fig. 12-35): > 


A hexagonal pyramid, base 2-5 cm (1") side, axi : 
: › side, axis 5 cm (2) 
long, has one of its slant edges on the ground. A plane pes. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


PROJECTIONS OF SOLIDS , 277 


that edge and the axis is perpendicular to the ground and inclined at 
45° to the V.P. Draw its projections when the apex is nearer the 
V.P. than the base. 





(7) (72) 
Fic. 12-35 


Assume the pyramid to be resting on the ground on its 
base with a slant edge parallel to the V.P. 

(i) Draw a hexagon of 2-5 cm (1") side (in the plan): 
with a side parallel to xy. The lines ao and do for the slant 
edges will also be parallel to xy. Project the elevation. 

(ii) Tilt this elevation so that ао or do is in +. 
Project the second plan. 

(iii) Draw a new ground line x,y, making 45? angle 
with 0, £4 (the plan of the axis) and project the final elevation. 

The problem can thus be solved by combination of the 
change of position and change of ground line methods. 


Problem 23 (fig. 12-36): x 


Draw the projections of a cube of 2-5 ст (1 ") edge, resting 
on the ground on one of its-corners with a solid diagonal perpendicular 
to the V.P. 


Assume the cube to be resting on one of its faces onthe — 


ground with a solid diagonal parallel to the V.P. 







d > MAE ges Ee 
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(i) Draw a square abcd in the plan, with its sides in- 
clined at 45? to xy. The lines ag and ce representing the 
solid diagonals АС and CE are parallel to ху. Project the 
elevation. 


ј 
(ii) 
Fic. 12-36 





(п) Tilt the elevation about the corner р’ so that the 
line e'c' becomes parallel to xy. Project the second plan. 
The solid diagonal CE is now parallel to both the ground 
and the V.P. А 


(ii) Reproduce the second plan so that the plan of 


the solid diagonal viz. e,c, is perpendicular to xy. Project 
the required elevation. 


Problem 24 (fig. 19-37): 


_ _ A triangular prism, base 4 cm (13") side and axis 5 cm (2^) long 
is lying on the ground on one of its rectangular Jaces with the axis 
perpendicular to the V.P. `А cone, base 4 cm (1%") diameter, axis 
5 ст (2") long, is resting on the ground and is leaning centrally on 
a face of the prism, with its axis parallel to the V.P. Draw the 


elevation and plan of the solids and tro; 
ground line making 60° angle with ue oject another elevation on a 
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It will first be necessary to draw the cone, with its base 
on the ground to determine the length of its generator and 
to project the plan. 





First-angle projection Third-angle projection 
Fic. 12-37 


Next, draw a triangle a'5'c' for the prism and a triangle 
o'l' 7' for the cone as shown by the construction lines. Pro- 
ject the plan. Draw a ground line хуу, and project the 
required elevation as shown. 











(i) Fic. 12-38 (iè) 


2 
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Problem 25: | | 

The elevation, part plan and part auxiliary view of a casting 
are given in fig. 12-38(i). Project its end elevation. « (All dimen- 
sions are given in millimetres). 

See fig. 12-38 (ċċ). 

The construction for the ellipse for 38 mm diameter 
circle has been shown in detail Horizontal distances are 
taken from the auxiliary view. "Other. ellipses are drawn in 
the same manner. 


PROJECTIONS OF SPHERES: 


The projection of a sphere in any position on any plane 
is always a circle whose diameter is equal to the diameter 
of the sphere (fig. 12-39). This circle represents the contour 
of the sphere. | 





Fic. 12-39 ? Гс. 12.40 (z) 


A flat circular surface is formed when a sphere is cut 
by a plane. A hemisphere (i.e. a sphere duty a plane 
passing through its centre) has a flat circular face of dia- 
merer equal to that of the sphere. Its elevation, when it is 
pl ced on the flat face is a semi-circle and its plan is a circle 
[fig. 12-40(:)]. When the flat face is inclined to the ground апа 
s perpendicular to the V.P., it is seen as an ellipse in the 
plan [fig. 12-40(8)] while the contour of the hemisphere is 


shown b : : 
that of ко у Ея drawn with radius equal to 


2: ». ... CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


`+ PROJECTIONS OF SOLIDS?  - 281. 


lig. 12-41 shows. the plan and elevation of a sphere, 
a small portion of which is:cut off by a plane. Its flat face 
is perpendicular to the ground and inclined to ће У.Р.: An 
ellipse.is seen in the elevation within the circle for the sphere. 





Fic. 12-41 
Problem 26: 


A brass flower-vase is spherical in shape with flat, circular top 
35 cm (14") diameter and bottom 25 cm (10") diameter and para- 
llel to each other. The greatest diameter is 40 cm (16^). Draw 
the projections of the vase when its axis makes an angle of 60° with 
the grüund (fig. 12-42). 





(i) (it) . 


Fic. 12-42 


^^ 






РЫ E 
~ | 
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(i) Draw the elevation of the vasc resting on its bot- 
tom with its axis vertical. Project thc plan. 

(ii) Tilt the elevation so that the axis makes 60° angle 
with xy and project the plan. Note that a part of the cllipse 
for the bottom is also visible. 


./SPHERES IN CONTACT WITH EACH OTHER: 


Projections of two equal spheres resting on the ground 
and in contact with each other, with the line joining their 





Fic. 12-43 


centres parallel to the V.P., are shown in fig. 12-43. As 
the spheres are equal in size, the line joining their centres is 
parallel to the ground also. Hence, both ab and a'b’ show 
the true length of that line (i.e. equal to the sum of the two 
radii or the diameter of the spheres). The point of contact 
between the two spheres is also visible in each view. If the 
position of one of the раст, ѕау ѕрһеге В, 15 changed sO 
that the line Joining their centres is inclined to the V.P.. then 
in the elevation, the centre b’ will move along the line ab 
5 b,. The true length of the line joining the centres and 
€ pornt of contact are now seen in the plan only. 


When the sphere В is so moved that ; ins i 
: À t it remains in contact 
um the sphere A and the line joining their centres is parallel 
o the V.P., but inclined to the ground (fig. 12-44), the true 
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length of that line and the point of contact are visible in 
the elevation. only. : 





Fic. 12-44 


Problem 27: 


Three: equal spheres of 4 ст (13") diameter are resting on 
the ground, so that each touches the other two and ihe line joining 
the centres of two of them is parallel to the V.P. A fourth sphere 
5 ст (2") diameter is placed on top of the three spheres so as to 
form a pile. Draw three views of the arrangement and find the distance 
of the centre of the fourth sphere above the ground (fig. 12-45). 


As the spheres are resting on the ground and are equal 
jn size, the lines joining their centres will be parallel to the 
_ ground. In the plan, the centres will lie at the corners of an 
equilateral triangle of side equal to the sum of two radii, 
і.е. 4 cm (14^). 


Draw (in the plan) an equilateral triangle abe of 4 cm 
(13^) side with óne side, say ab, parallel to ху. At its corners, 
draw three circles of 4 cm (1}”) ‘diameter. Project the 
elevation. The centres will lie on a line parallel to and 


2 cm (#”) above ху. 

When the fourth sphere is placed on top, its centre d, 
in the plan, will be in the centre of the triangle. In the ele- 
vation, it will lie on a projector through 4. m 
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The true distance between the centre of the top sphere 
and that of any опе of the bottom spheres, will be equal to 
the sum of the two radii viz. 2 cm (3^) + 2-5 cm (1°) or 
4-5 cm (12^). 








Fic. 12-45 


But as the lines da, db or dc and not parallel to xy, their 
elevations will not show their true lengths. Therefore, to 
locate the position of the centre of top sphere in elevation, 
(1) make one of the lines, say da, parallel to ху; (ii) project 
ау to a, on the path of a’ and (iii) with 4, as centre and 
radius equal to 4-5 cm (13^), draw an arc cutting the projec- 
tor through d at the required point d’. With d’ as centre 
and radius equal to 2-5 cm (17), draw the required circle 
which will be partly hidden as shown. his the distance of 
the centre of the top sphere from the ground. 

- Project an end elevations 


A As z d' = 
ground line, c”d” will be equal са 15 parallel to the new 


to 4-5 cm (12") and the point 
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of contact р’. between the spheres having centres с and d 
will be visible. | pus PUT 


Fig. 12-45(a) shows the views in third-angle projection. 





Fic. 12-45(a) 


UNEQUAL SPHERES: 


When two unequal spheres are on the ground and are | 
in contact with each other, their point of contact and the Y 


true length of the line joining their centres will be seen in - MC 
the devatton if that line is parallel to the V.P. In tlie plan, iE 
the length of the line will be shorter, but will rémain cons- са 







tant even when it is inclined to the V.P. —— | woe 
Problem 28: Mer cd 
| "ef 7-5 ст (3*),.5 ст (2") and — 
Three spheres, A, B and Gof 75 cm (3), 2 € маа 

3 ст (11^) diameters respectively, rest :on ‘the ground. each orc m 
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the other two. Draw their projections and show the three points 
of contact, when the line joining the centres of the spheres A and B is 
parallel to V.P. (fig. 12-46). 


Draw the elevation and plan of spheres A and B in the 
required position. ab is‘the length of the line joining their 
centres in the plan and f and f' are the points of contact in 
the plan and elevation: respectively. 





. Fic. 12-46 


__ Similarly, draw the views of (i) s 

ui ; pheres 4. and С and 

Gi) mm B dnd £ m contact with each other and deter- 

ngths of the lines joining thei | 

in the plan, viz. ac and бст. уе ые сеш 
With а as centre and radiu 

centre and radius cqual to bc, 

other at с. With c, as centre, 


s equal to ac, and with № as 
draw arcs intersecting cach 
draw the plan of the sphere C. 
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Draw the projector through c, to cut the path of c' at 
cy. Then с, is the required centre of the sphere C in the 
elevation. 


f, qı and ту, and p’, q,' and ту’ are the points of contact 
in plan and elevation respectively. 


- Problem 29: 


A square prism, base 2 cm (#") side, axis 5 cm (2")- long, 15 
resting on its base on the ground with two faces perpendicular to the 
V.P. Determine the radius of four equal spheres resting on the ground, 
each touching a face of the prism and other two spheres. Draw . 
the plan and elevation of. the arrangement (fig. 12-47). 





Fic. 12-47 


I ism. Draw the 

Draw the plan and elevation of the prism. | 
diagonals and produce them on both sides. Draw the bi- 
sectors of the angles bce and cbf intersecting at p. From‘, 
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draw. a! perpendicular pg to bc. Then fg is the-required: 
- radius of the sphere. | aat 
Draw a ‘bisector of angle 5'2'j intersecting the projec- 
{ог through р at p’.. Then р’ is the centre of the sphere in 
the elevation. . 


Draw the other circles in a similar manner. 
Problem 30:: 


NA is equal spheres are resting on the ground, each touching other 

two spheres and a triangular face of a hexagonal pyramid resting 

. on tts base on the ground. Draw the elevation and plan of the solids 
when a side of the base of the pyramid is perpendicular ic the V.P. 
Determine the diameter of each sphere. Base of the pyramid 2 cm 
(2^) side; axis 5 ст (2") long (fig. 12-48). 





“Fig. 12-48 


“РҮ “Draw the plan and -elevation 
required position. Assuming the so 
the positions of the centre, (viz; p: 


‘of the pyramid. in the 
lid to be a prism, locate 
апа $') in the two views. 
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Draw a linc joining p’ with a’ (the centre of the base) which 
coincides with 2’. The centre of the required sphere will 
lie on this line. Draw a bisector of angle 0'3'y cutting a'p' 
atc’. Draw a line c'g' perpendicular to xy. With c' as centre 
and radius c’g’, draw one of the required circles. Project 
c' to c on of in the plan. Then c is the centre of the circle 
in the plan. Other centres may be located in the plan as 
shown and projected up in the elevation. | 





(2) (i) 
Fic. 12-49 


Problem 31: 


The elevation and plan of a paper-weight with a spherical knob 
are given in fig. 12-49(i). Draw the two news and project another 
plan when its flat base makes an angle 609 with the H.P. 


Sce fig. 12-49(ii) which is sclf-explanatory. 
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EXERCISES XII(ii) 


Note: For solving the exercises by third-angle projection method, 
assume the edge or corner to be on the ground instead of in the H.P. 


(1) A rectangular block 7-5 cm x 5 cm x 2-5 cm thick 
(3" x 2" x 1" thick) has a hole of З cm (117) diameter drilled 
centrally through its largest faces. Draw the elevation and plan 
when the block has its 5 cm (2") long edge in the H.P. and 
perpendicular to the V.P. and has the axis of the hole inclined 
at 60° to the H.P. 


(2) Draw the projections of a square pyramid having one 
of its triangular faces in the V.P. and the axis parallel to and 
4 cm (14^) above the ground. Base 3 cm (12") side; axis 7-5 cm (3") 
long. 

(3) A cylindrical block, 7-5 cm (3^). diameter and 2-5 cm 
(1°) thick, has a hexagonal hole of 2:5 cm (1^) side, cut centrally 
through its flat faces. Draw the elevation, plan and end elevation 
of the block when it is resting in the H.P. with its flat faces vertical 
and inclined at 30° to the V.P. and two faces of the hole parallel 
to the H.P. 

(4) Draw three views of an earthen flower pot, 25 cm (10") 
diameter at the top, 15 cm (6") diameter at the bottom, 30 cm 
(12") high and 2-5 cm (1") thick, when its axis makes an angle 
of 30° with the vertical. 

(5) A tetrahedron of 7-5 cm (3") edge has one edge in 
the H.P. and inclined at 45° to the V.P., while a face containing 
that edge is vertical, Draw its plan and elevation. 

(6) A hexagonal prism, base 3 cm (11°) side and axis 
7:5 cm (8^) long, has an edge of the base in the H.P. and inclined 
at 45 to the V.P. Its axis makes an angle of 60° with the H.P. 
Draw its projections. 

(7 A pentagonal prism is resting on a corner of its base in 
the H.P., with a longer edge containing that corner inclined 
Š on ‹ to the H.P. and ш vertical plane containing that edge 

c axis inclined at 30* to the V.P. Draw its projections. 

Base 4 cm (13^) side; height 6:5 cm (21^). 
a D), BEM tres Мә sa cone bue 5 cm (Т) damas 
WS en EUR ong, having one of its generators in the 
ined at 50 to the H.P., the apex being in the H.P. 
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(9) А square pyramid, base 4 cm (121^) side and axis 9 cm 
(31") long, has a triangular face in the Н.Р. and the vertical 
plane containing the axis makes an angle of 45° with the V.P. 
Draw its projections. 

(10) A frustum of a pentagonal pyramid, base 5 cm (2") 
side, top 2-5 cm (1^) side and axis 7-5 cm (3”) long, is resting on 
its base in the H.P. with an edge of the base perpendicular to the 
V.P. Draw its projections. Project another plan on a ground 
line parallel to the line which shows the true length of the slant 
edge. From this plan, project an elevation on an auxiliary vertical 
plane inclined at 45° to the plan of the axis. 

(11) Draw the projections of a cone, base 5 cm (2^) dia- 
meter and axis 7:5 cm (3”) long, lying on a generator in the H.P. 
with the plan of the axis making an angle of 45° with the V.P. 


(12) The elevation, incomplete plan and incomplete auxi- 
liary plan of a casting are given in fig. 12-38. Draw all the three 
views completely. All dimensions are in millimetres. ~ 


Ral 
| 


I —4 X 4—4 





Fic. 12-50 


(13) A line sketch (in two views) of a shed with a curved 
roof is given in fig. 12-50. Draw its elevation on an auxiliary 
vertical plane inclined at 60° to the V.P. All dimensions are in 
metres. Scale 2 cm = 1 m. | 

(14) A cube of 5 cm (2") edge is resting in the H.P. with 
its vertical faces equally inclined to the V.P. A hexagonal pyramid, 
base 2:5 cm (1^) side and axis 5 cm (2^) long, is placed centrally 
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on top of the cube so that their axes arc in a straight line and two 
edges of its base are parallel to the V.P. Draw the elevation and 
plan of the solids. Project another plan on an A.I.P. making an 
angle of 45? with the H.P. From this plan, project another elevation 
on a vertical plane inclined at 30? to the plan of the combined axis. 





Fic. 12-51 


(15) An elevation of a hexagonal pyramid [base 2-5 cm (1") 
side], having one of its triangular faces resting centrally on a 
triangular face of a square pyramid [base 5 cm (2") side and 
axis 5 cm (2") long] is given in fig. 12-51. The plane containing 
the two axes is parallel to the V.P. Draw the plan of the solids. 
From this plan, project an elevation on a ground line x; уу inclined 
at 30° to xy; (ii) from the given elevation, project another plan 
E. line хз y, inclined at 45° to ху. 

1 


6) Four equal spheres of 9-5 cm (1^) diameter are resting 
on the ground, each touching the other two spheres, so that a line 
joining the centres of two touching spheres is inclined at 30? to the 
V.P. A fifth sphere of 3 cm (13^) diameter is placed centrally on 
top of the four spheres, thus forming a pile. Draw the projections 


of the spheres and measure the height of the centre of the top 
sphere above the ground. 


| (17) Three spheres of 2:5 cm (1^), 
diameters respectively are resting on 
touches the other two. 
the line joining centres 
V.P. 


5 cm (2") and 7-5 cm (3”) 
the ground so that each 
Draw their projections, when the plan of 
of any two of them is perpendicular to the 
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(18) Three equal cones, base 5 cm (2") diameter and axis 
7:5 cm (3^) long, are placed on the ground on their bases, each 
touching the other two. A sphere of 4 cm (15°) diameter 15 
placed centrally between them. Draw three views of the arran- 
gement and determine the height of the centre of the sphere 
above the ground. 


(19) Five equal spheres are resting on the ground each 
touching the other two spheres and a vertical face of a pentagonal 
prism of 2-5 cm (1") side. Determine the diameter of the spheres 
and draw the projections, when a side of the base of the prism 
is perpendicular to the V.P. 


_- (20) Four equal spheres аге resting on the ground, each 
touching the other two spheres and a triangular face of a square 
pyramid, having base 2-5 cm (1") side and axis 5 cm (2") long. 
Draw their projections and find the diameter of the spheres. 


(21) A pentagonal pyramid, base 4 cm (11^) side, height 
7-5 cm (3^) rests on one edge of its base in the H.P., so that the 
highest point in the base is 2-5 cm (1°) above the Н.Р. Draw 
its elevation and plan when the axis is parallel to the V.P. Draw 
another elevation on a ground line inclined at 30° to the edge 
on which it is resting, and so that the base is visible. 


(22) A thin lamp shade in the form of a frustum of a cone 
has its larger end 20 cm (8") diameter smaller end 7-5 cm (3°) 
diameter and height 15 cm (6") Draw its three views when it 
is lying on its side in the H.P. and the axis parallel to the V.P. 


(23) А bucket made of tin sheet has its top 20 cm (8") 
diameter, bottom 12:5 cm (5*) diameter with a circular ring 
4 cm (li") wide attached at the bottom. The total height of 
the bucket is 25 cm (10"). Draw its projections when its axis 
makes an angle of 60° with the vertical. 
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DEVELOPMENT ОЕ SURFACES 


C ———————————— 








“When a surface is laid out on a plane, the figure obtained 
is called its development. Imagine that a solid is enclosed 
in a wrapper of thin material, such as paper. If this cover- 
ing is opened out and laid on a flat plane, the flattencd-out 
paper is the development of the solid. 





Fic. 13-1 


: Fig. 13-1 shows a square prism covered with paper, 
in process of being opened out. Its development (fig. 13-2) 
consists of four equal rectangles for the faces and two simi- 
Jar squares for its ends. Each figure shows the true size and 
shape of the corresponding surface of the prism. The deve- 
lopment of a solid, thus represents the actual shape of all 


its surfaces which, when bent or folded at the edges, would 
form the solid. 


Hence, it is very important to note that every line on the 


development must be the true length of the cor 
surface. gin of the corresponding edge on the 
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The knowledge of development of surfaces is essential, 
_ particularly in sheet-metal work. In construction of boilers, 
funnels, chimneys etc., the plates are marked and cut 
accordine to the developments which, when folded, form 
thc desired objects. 





Fic. 13-2 


= 


Only the surfaces of polyhedra (such as prisms and pyra- 
mids) and single-curved surfaces (as of cones and cylinders) 
can be accurately developed. Warped and double-curved 
surfaces are undevelopable These can however be approxi- 
mately developed by dividing them up into a number of 


parts. - 


The principal methods of development are: 


(i) Parallel-line development: Тї is employed in сазе 
of prisms and cylinders in which stretch-out-line principle 
is used. Lines А-А and 4,-4, in fig. 13-3, arc called the 


stretch-out lines. 

(і) Radial-line development: It is used for pyramids 
and cones in which the true length of the slant edge or the 
generator is used as radius. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri — es | 


M. «т^ tr e, qe „А 


P - Sm 





p” 2 2 i LLL LALA LL RAB BLA LBL LL LLL LE E 
“a aor eee sy ee 








| а | 
296 . ELEMENTARY ENGINEERING DRAWING \ 


In what follows, the ends or bases of the solids have 
been omitted from their developments. They can ,how- 
ever be easily incorporated if required. 


Note: Firsi-angle projection method has been used in all the 
problems. In third-angle projection, the plan will be above the 
elevation. That will be the only difference. 


RIGHT AND REGULAR PRISMS: 

Development of a prism consists of a number of equal 
rectangles in contact, one side of the rectangle being equal 
to the length of a side of the base and the other equal to the 
length of the axis of the prism. 


Problem 1: 


(a) То draw the development of the surface of a truncated 
prism shown at (i) in fig. 13-3; (b) also, to draw an elevation 
of the line joining the points P and Q (whose projections p, р and q, 
q' are given), along the surface of the prism by the shortest distance. 





Fic. 13-3 
(a) Draw a stretch-out line 44 [fig. 18-5(й)] directly in 


line with the base in the elevation and on j j 
пе 1 it, set off six equal 
divisions AB, BG etc. cach equal to the length of the id of 
Eie base (obtained from the plan). The length of АА will thus 
е equal to the perimeter of the base. Construct a rectangle 
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on АА as one side and maximum length of the prism as the 
other side. Draw. perpendiculars BB, GC, etc., thus com: 
pleting the development of the whole prism. Mark points 
1, 2 etc. on the verticals AA}, BB, etc. such that Al = a'l’, 
ВӘ = b'2' сіс. These lengths can be directly obtained by 
drawing horizontal lines from the corresponding points in 
the elevation. As the prism has all plane surfaces and is 
truncated by a plane, lines joining the upper corners will be 
straight lines. This can however be verified by marking 
some intermediate points 7, 8 etc. as shown. Draw lines 
joining 1 and 2, 2 and 3 ctc. Make these lines and the lines 
in the lower portion dark, thus showing the development 
of the truncated prism clearly. The other lines may be kept 
thin and fainter. 


(b) Mark a point fp, on DE such that Dp, = dp. 
Erect a perpendicular at p, and mark on it a point P such 
that Pp, = p'j,. Similarly, obtain the point Q. P and Q 
are the positions of the given points in the development. 
Draw a'straight line joining P and Q. Then PQ will show 
the shortest distance between them. To draw this line in the 
elevation, the process must be reversed. Let the line PQ cut 
the edge DD, at Rand CC, at S. Draw horizontals through 
R and S, cutting d'd,' at r' and с'сү at ;. Draw lines рт, 
r's' and s’q’ which show the clevation of the linc РО. Note 
that p'r’ is hidden and hence, should be dotted. 





—— ——— 
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_ Problem 2: 


The elevation and plan of a square prism with a hole drilled 
in it, are given in fig. 13-4(%@). Draw the development of the lateral 
surface of the -prism. 

Mark a number of points on the circle for the hole. 
Draw the development of the whole prism [fig. 19-4(4)] and 
locate the positions of these points on it. For example, to 
locate points p,’ end рз and points q, and 92 which coincide 
with them in the elevation, draw а perpendicular through 
them cutting the base at p’. Project p' to p on ab and to q on ad. 
Mark points P and Q on AB and ЮА respectively, such that 
AP = ap and AQ = aq. Erect verticals at points P апа Q. 
Draw horizontal lines through p, and pa’ cutting these verti- 


^ 
ul ‚ 
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cals at P,, Qp P» and Qo. Locate all points in a similar 
way and draw smooth curves through them, thus complet- 


ing the development. 


` 
= 
= 


P. 
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RIGHT CIRCULAR CYLINDERS: 


. Тһе development of the curved surface of a cylinder 
15 a rectangle, having one side equal to the circumference 
of its base-circle and the other equal to its length. 


Problem 3: 


Же. к? the surface of a truncated cylinder shown in 


Divide the base-circle into twelve equal parts. 


Project the division-points in the elevation and draw 
generators 2b’, 3'с' etc. Note that the generators on the 


back side of the cylinder coincide with these front generators 
e.g. 12%" coincides with 2’b' etc. 
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Draw a stretch-out line 1-1 [fig. 13-5(й)] equal to the 
circumference of the base-circle (i.e. xD). This length can 
be marked approximately as shown below. With a bow- 
divider step-off along the line 1-1, twelve divisions, each 
equal to the chord-length ab. By this method the length 
obtained is about 1% shorter than the exact length. 






EONS 
d 
Bi 


(3) 





Fic. 13-5 


Erect perpendiculars at the division-points and make 
them equal to their corresponding lengths in the elevation 
by drawing horizontal lines through respective points, viz. 
B9 = P12 = b'2' etc. Complete the development by draw- 
ing a curve through 4, B, C etc. 


Note that the rectangle A 1 1 A is the development of 
the whole cylinder of length equal to al. 


Problem 4: 


Draw the development of the lateral surface of the cylinder cut 
as shown in fig. 13-6(1). 
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Using the same method as described in problem 3, 
draw the development as shown in fig. 13-6(z). 
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Problem. 5: 


То develop the surface of the three-piece cylindrical pipe elbow 
shown in fig. 13-7(2). 


KO 
MeS 
= 





-——-4 


9 Fic. 13-7 e) 


The elevation is drawn as shown below: 


. Draw a square efgh of a side equal to the diameter of 
pipes (Le. 5 cm). Bisect angles ehf and ghf by lincs Ph and 


f 
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Qh to intersect ef and fg at x and y respectively. Then лу 
is the axis of the middle piece В. 

Parts 4 and C are similar and are in the form of 
cylinders truncated at one end only.. А is shown developed 
on a stretch-out line drawn directly in line with its base. 
The twelve divisions are obtained from the semi-circle drawn 
on the base as diameter. : 

The part B is truncated at both the ends. It is deve- 
loped on a stretch-out line drawn through h and at right 
angles to its axis xy. 

As the curves of the part B are exactly similar to those 


of A and C, the three developments may also be shown 


combined as in fig. 18-7(). 





Fic. 13-8 


Problem 6: 3 
Three cylindrical pipes of 5 ст (2") diameter form a Y-piece as 
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shown in elevation in fig. 13-8. Draw the development of the surface 
of each pipe. 

Draw a semi-circle on the base of pipe A as diameter 
and obtain twelve divisions. Draw the development [fig. 
13-8(ii)] as in the previous problem. 

Draw any convenient line at right angles to the axis 
of the pipe В [fig. 13-8(ii)]. On this linc as a stretch-out 
line, draw the development as shown. Pipes В and C are 
similar and hence, their developments will also be similar. 


RIGHT AND REGULAR PYRAMIDS: 


The development of the surface of a pyramid consists 
of a number of equal isosceles triangles in contact. The 
base and the sides of each triangle are equal, respectively, 
to the edge of the base and the slant edge of the pyramid. 


Nole: The true length of a slant edge of a pyramid can be 
measured from the elevation, if the plan of that edge 
is parallel to xy; and it can be measured from the 
plan, if the slant edge is parallel to xy in the elevation. 


О 
А A 
B E 
C D 
(4i) 





Fic. 13- 
Problem 7: : 


To develop the surface of a pentagonal pyramid with its base 
removed, as shown in elevation in fig. 13-9(1)). ' 
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As all slant edges are inclined to the V.P., their true 
length is not seen in the elevation. Hence, determine the 
true length o'c" by making oc (in the plan) parallel to xy. 


With a point О as centre and radius equal to o'c", draw 
an arc and on it, step-off five divisions AB, BC etc. each equal 
to ab [fig. 13-9(4)]. Complete triangles ОАВ, OBC ctc. 
which will give the development of the whole pyramid. 
Determine the true lengths of lines 0/1”, 0'2' etc. by drawing 
lines through 1’, 2’ etc. parallel to the base and intersecting 
o'c" at 1", 2" etc. 


Mark points 1, 2 etc. on OB, OC etc. such that 
Ol = 0'1", 02 =0'2” сіс. Draw lines Al, 1-2, 2-3 etc. 
thus completing the development. 


Problem 8: 


The plan of a frustum of a square pyramid, 7-5 cm (3") high, 
is given at (i) in fig. 13-10. Draw (a) the development of the 
surface of the frustum and (b) the projections of the frustum showing 
the line joining points p and q by the shortest distance along the 
surface of the frustum. 


Draw the plan and project the elevation of the frustum 
[fig. 13-l0(ii)]. Find о, the apex of the pyramid, by 
producing the slant edges. Determine the true length 44, 
of the slant edges. With o’ as centre and radii 0'А and 0°A,, 
draw arcs of circles. On the outer arc, step-off six divisions, 
each equal to ajb. Join these points with o' cutting the 
inner arc at A, B etc. Draw the inner and outer chords. 
The enclosed figure will be the development of the frustum. 


Mark the mid-point P of CD and Q of 4,B,. Draw 
a line joining P and Q and cutting CC, at R and BB, at S. 
Transfer these points to the elevation and the plan. For 
example, with o' as centre and radius o'R, draw an arc cutting 
o'A, at R,. Through R, draw a line parallel to the base 
and cutting с'сү at r'. Project 7' to r on ce, in the plan. г 
and r are the projections of R. Similarly, obtain s and s 


on 6’b,’ and bb, respectively. Draw lines pr, rs and sq which 
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„гг 


will show the plan of the linc PQ. р'т'5'9 will be the path 
of the line PQ in the clevation. 





arne 
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RIGHT CIRCULAR CONES: 


The development of the curved surface of a cone is a 
sector of a circle, the radius and the length of the arc of which 
are respectively equal to the slant height and the circum- 


. ference of the base-circle of the conc. 
Problem 9: 

To draw ihe development of the surface of a truncated cone, 
shown in elevation in fig. 13-11(i). 
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Assuming the cone to be whole, let us draw its develop- 
ment. 

Draw the base-circle in the plan and divide it into twelve 
equal parts. 





Fic. 13-11 


With any point О as centre and radius equal to o'l” or 
o'7', draw an arc of the circle [fig. 13-11(if)] The length 
of this arc should be equal to the circumference of the base- 
circle. This can be determined in two ways. 

I. Calculate the subtended angle 0 by the formula, 
radius of the base-circle 


2E о 
GSO slant height 
Cut-off the arc so that it subtends the angle 9 at the 
centre and divide it into twelve equal parts. 
II. Step-off with a bow-divider, twelve equal divi- 
sions on the arc, each equal to one of the divisions of the 
base-circle. (This will give an approximate length of the 


circumference). 
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Join the division-points with О, thus completing the 
development of the whole cone with twelve generators 
shown in it [fig. 13-11(ї)]. 


The truncated portion of the cone may be deducted 
from this development by marking the positions of points 
at which generators are cut, and then drawing a curve through 
them. For example, generators o'2' and 0'12' in the eleva- 
tion are cut at points 4’ and 4,’ which coincide with cach 
other. The true length of o'b' may be obtained by drawing 
a line through b’, parallel to the base and cutting 0’7’ at b”. 
Then o'b" is the true length of o/b’. 


Mark points B and B, on generators 02 and 0-12 res- 
pectively, such that OB = OB, = o'b". Locate all points 
in similar way and draw a smooth curve through them. 
The figure enclosed between this curve and the arc is the 
development of the truncated cone. 


Problem 10: 


Draw the elevation and plan of a cone resting on the ground on 
its base and show on them, the shortest path by which a point P, start- 
ing from a point on the circumference of ihe base and moving around 
the cone will return. to the same point. Base of cone 6-5 ст (24") 
diameter; axis 7-5 cm (3") long (fig. 13-12). 


Draw the plan, elevation and the development of the 
cone showing all twelve generators. The development may 
be drawn attached to o'l'. | 


Assume that P starts from a point 1 (i.e. point 1’ in the 
clevation). Draw a straight line 1/1’ on the development. 
This line shows the required shortest path. 


. To transfer this line to the elevation, the process adopted 
in problem 9 must be reversed. Let us take a point P, at 
which the path cuts the generator 0/4. Mark a point f4” 
on 01 such that of," = o'P,. This can be done by draw- 
Ing an arc with o' as centre and radius equal to o'P, cutting 


o'l' at by". Through 5," draw a line parallel to the base 
and cutting 04’ at ,'. 
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Similarly, transfer all the points to thc elevation and 


draw the required curve through them. The curve at the 
back will coincide with the front curve. 


A 


А 
| LI] 


Б 


Fic. 13-12 


Project these points to the plan on the respective genc- 
rators. р,’ and фуу cannot be proj ected directly. Hence, 
project №,“ to a point д on 01. With o as centre and radius 
equal to og, draw an arc cutting o4 at p, and 0-10 at fo. 


Thus, op, = of,g = oq. A curve drawn through the points: 


thus obtained will show the path in the plan. 
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Problem 11: 


v^ Draw the development of the surface of the part of a cone, the 
elevation of which is shown in fig. 13-13. 


Draw a semi-circle on the base as a diameter and divide 
it into six equal parts for positions of generators. Draw the 
development assuming the cone to be whole. Obtain points 
on the generators in the development as explained in pro- 
blem 9. Additional points such as a’, may also be marked 





Fic. 13-13 


to determine the correct shape of the curve. Draw curves 
through these points and complete the development as shown. 
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Problem 12: 


Draw {һе development of the funnel shown in fig. 13-14. 


The funnel consists of a conical part C and two cylin- 
drical pipes A and В — all truncated. 


Developments of the pipes may be drawn as shown in 
problem 3, while for that of the conical piece, the method 
shown in problem 9 should be applied. 





Fic. 13-14 


Problem 13: 


The elevation and plan of a solid composed of a truncated half- 
cylinder and a cut half-prism, are given at (i) in fig. 13-15. Draw 
the development of its lateral surface. 

Assuming the solid to be whole, draw its development 
[fig. 13-15(#)]. Draw а stretch-out line and on it, узун 
(i) 14 equal to the arc la, (ii) AB, BG and CD, each equa 
to the edge ab of the base and (iii) D1 equal to the arc al. 
Complete the rectangle. 
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Draw perpendiculars at points A, В ctc. and at other 
intermediate points. Locate on them, positions of points 





Fic. 13-15 


at which they are cut and draw the curves and straight lines 
as shown. 


Problem 14: 


Draw the development of the surface of the soli 
elevation and full plan in fig. 13- с af ihe solid shown їп 


The solid is таайс-ир of portions of frustums of a conc 
and a hexagonal pyramid. 


The slant height of the cone i 
of the pyramid. | IS cqual to thc slant edge 


Therefore, with any point O as centre and radii o'a’ 
and 0а, draw arcs [fig. 13-16(#)]. On the outer arc step- 
off distances (i) A,B, equal to the arc а1015 (ii) В,С С Di» 
ЮЕ, апа ЕЕ, each cqual to the side of the base, viz. Г e 
and (iii) #,A, equal to the arc. Лаң. : ae 





Join these points with O, cutting the inner arc at points 


A, B etc. Locate positions of various points as explained 
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in problems 7 and 9 and complete thc development as 


shown. 





Fic. 13-16 


SPHERES: 


The surface of a sphere can be approximately develop- 
cd by dividing it into a number of parts. The divisions may 
be made iu two different ways: (i) in zones and (ii) in lunes. 
A zone is a portion of the sphere enclosed between two planes 
perpendicular to the axis. A lune is the portion between 
two planes which contain the axis of the sphere. 


Zone method: Fig. 13-17 shows the top half of a sphere 
divided into four zones of equal width. By joining points 
PQ, QR etc. by straight lines, each zone becomes a cone 
frustum, except the upper-most zone which becomes a cone 
of small altitude. 
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Developments of these cone frusta and the upper cone 
will give the development of the half sphere. For example, 
take the zonc C. It is a frustum of a cone whose vertex is 





Fic. 13-17 


e. ¢- The surface of this frustum is shown developed in the 
eevation. The length of the divisions on the arc is obtained 
from the ‘plan. 


All the zones can be developed in the same manner. 


Lune method : А sphere may be divided into twelve 
uncs, one of which is shown in elevation in fig. 13-18. The 


semi-circle QR is the plan of the centre line of that lune. 


It is evident that the len 1 
gth of the lune is cqual to the 
length of the arc ОК and its maximum width is SER to gh. 
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Divide the semi-circle into a number of equal parts, 
say 8 and project the division-points on the elevation, to 
points 1’, 2’ etc. With 7’ as centre and radii equal to 71”, 
r'2' and 7'3', draw arcs ab, cd and ef which will show the widths 
of the lunc at points 1 and 7, 2 and б, and 3 and 5 res- 
pectively. 











Fic. 13-18 


Draw a line QR, equal to the length of the arc QR. 
This may be obtained by stepping off eight divisions, each 
equal to the chord-length R1. 


Draw perpendiculars at cach division-point and make 
a,b, equal to ab at points 1 and 7, c,d, equal to cd at points 2 
and 6 etc. Draw smooth curves through points Qj, ау, су etc. 
The figure thus obtained will be the approximate develop- 
i ment of one-twelfth of the surface of the sphere. 


| Development of some more solids cut by different planes, 
I and solids with holes cut or drilled through them аге treated 


4 in Chapters XVI and XVII. 
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EXERCISES XIII 


Refer to fig. 13-19 for thc following exercises and for 
dimensions, assume cach square to be of 1-2 cm (2^) side. 


- (1) Draw the development of the surfaces of the portions of 
the following prisms, elevations of which are shown in 


the top row: 


(a) 
(b) 


(c) 
(d) 
(c) 


A hexagonal prism having a face parallel to the V.P. 


A square prism having all faces equally inclined 
to the V.P. 


А pentagonal prism having a vertical facc parallel 
to the V.P. 


A triangular prism having a vertical facc parallel 
to the V.P. 


A hexagonal prism having two faces perpendicular 
to the V.P. 


(2) Draw the development of the surfaces of the portions 
of the following pyramids, clevations of which are shown 
in the second row: 


(a) 
e 
sd (c) 
(d) 
№) 


А square pyramid having a sidc of base perpendi- 
cular to the V.P. 


A hexagonal pyramid having a side of basc parallel 
to the V.P. 


A pentagonal pyramid having a side of base 
parallel to the V.P. 


A triangular pyramid having a side of base parallel 
to the V.P. 


A square pyramid having all sides of the base 
equally inclined to the V.P. 


(3) Draw the development of the surfaces of the portions 
of the cylinders shown in the third row. 


(4) Draw the development of the surfaces of the portions 
of the cones shown in the fourth row. 
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(5) Refer to the fifth row and 

(i) Draw the development of the pipes forming a Tee 
shown at (a). 

(ii) Draw the development of the cylindrical steel 
chimney erected on a roof [shown at (5)], assuming 
the squares to be of 30 cm (1 ft) sidc. 

(iii) Draw the development of the three parts of the 
funnel shown at (c). 

(iv) Develop parts A and B of the transition piece 
shown at (d). 

(6) Refer to the last row and 

(i) Develop the surface of the conical buoy with a 
hemispherical top, shown at (a). 

(ii) Determine the shape of the tin sheet required to 
prepare the can shown at (b). 

(iii) The development of the surface of a cylinder is 
given at (c). Draw the elevation of thc cylinder 
showing the line 4B in it. 

(iv) The development of the surface of а conc is 
shown at (d). Draw the elevation and plan of 


; the cone, showing lines AB, BC and CA in each 
view. 


CC-0. Mumuksht Bhawan Varanasi Collection. Digitized by eGangotri 


CHAPTER KIV 


HELICES AND SCREW THREADS 


Helix is defined as a curve, generated by a point, mov- 
ing around the surface of a right circular cylinder in such 
a way that, its axial advance,.i.e. its movement in the 
direction of the length of the cylinder, is uniform with its 
movement around the surface of the cylinder. 

The axial advance of the point, during one complete 
revolution, is called the pitch of the helix. If the pitch is 
say 2 cm (#"), and the point starts upwards from the base 
of the cylinder, in one-fourth of a revolution, the point will 
move up a distance of 0-5 cm (,5-") from the base. 


Note: First-angle projection method is used in the follow- 
ing problems. In third-angle projection, the plan 
will be above the elevation. That will be the only 
difference. 


Problem 1: 


To draw a helix of one convolution, given the pitch and the 
diameter of the cylinder. Also to develop the surface of the cylinder 
showing the helix in tt. 

Draw the plan and elevation of the cylinder [fig. 14-1()]. 
Divide the circle (in the plan) into any number of equal 
parts, say 12.° 

Mark a length P-12’ equal to the given pitch, along 
a vertical side of the rectangle in the elevation and divide 
it into the same number of equal parts, viz. 12. i 

Assume the point P to move upwards and in anti-clock- 
wise direction. When it has moved through 30° around the 
circle, it will have moved up by one division. To locate 
this position, draw a vertical line through the point 1 and 


a horizontal line through the point 1’, both intersecting at - 


a point P,, which will be on the helix. 
Obtain other points in a similar manner and draw the 


helix through them. The portion of the curve from Pg to 
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Р», will be on the back side of the cylinder and hence, it will 
not be visible. 
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Fig. 14-1 (ċ) shows the development of the helix. It is 
a straight line and is the hypotenuse of a right-angled triangle, 
having base equal to the circumference of the circle and the 
vertical side equal to the pitch of the helix. The angle 0, 
which it makes with the base, is called the helix angle. 


Helical springs: In springs having wire of square 
cross-section, the outer two corners of the section may be 
assumed. to be moving around the axis, on the surface of a 
cylinder having a diameter, equal to the outside diameter 
of the spring; the inner two corners of the section will move 
on the surface of a cylinder having a diameter equal to the 
inside diameter of the spring. The pitch in case of each 


corner will be the same. 
Problem 2: 
Draw the projections of two complete turns of a spring of a wire 


of square section of 2 cm side. Outside d; h 
spring = 11 cm; pitch = 6 cm (ig. 14). € diameter of the 
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Instead of full circles, semi-circles of 11 cm and 7 cm 
diameters, for the outside and inside diameters of the 
spring, may he drawn in the plan. Divide each semi-circle 
into 12, i.c. 6 equal parts. 
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Project up the division-points as lines in elevation. Let 
PQSR be the square section of the wire. In one revolution, 
the point P will move to P' so that РР =6 cm. зш 
luly, RR’, QQ’ апа SS’ will each be equal to 6 cm. 
Divide these distances into 12 equal parts and plot the helices 
traced out by P and R on the outer surface and by Q and 5 
on the inner surface, as shown. Тһе outer helices will be 


parallel to each other. Similarly, the inner curves will also 
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be parallel to each other. Note carefully the visible and 
hidden parts of the curves. 


Springs of wire of circular cross-section: When 
the wire is of circular cross-section, a helical curve for the 
centre of the cross-section is first traced out. А number of 
circles of diameter equal to that of the cross-section, are 
then drawn with a number of points on this curve as 
centres. Curves, tangent to these circles, will give the 
elevation of the spring. 


Screw threads: These also are constructed on the 
principle of the helix. 


In a screw thread, the pitch is defined as the distance 
from a point on a thread, to a corresponding point on the 
adjacent thread, measured parallel to the axis. The axial 
advance of a point on a thread, per revolution, is called the 
lead of the screw. 


In single-threaded screws, which are most commonly 
used in practice, pitch is equal to lead. Therefore, pitch 
of the screw is equal to pitch of the helix. 


Unless stated otherwise, screws are always assumed to 
be single-threaded. 


Problem 3: 


Project two complete turns of a square thread; outside diameter 
12 cm; pitch 4-5 cm (fig. 14-3). 


In a square thread, the thickness of the thread = the 
depth of the thread = 1 pitch. 


Hence, the section of the thread will be a square of 


2:25 cm side and the diameter at the bottom of the thread 
will be 7:5 cm. 


- Project the threads in the same manner as the spring 
in problem 2. The screw differs from the spring in having 


a solid cylinder inside, which completely hides the back 
portions of the curves. 


| In double-threaded Screws, two threads of the same 
sıze run parallel to each other. The axial advance per 
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revolution, viz. the lead, is made twice the lead of the single- 


threaded screw, the pitch of the thread being kept the same 
in both cases. 


Hence, in double-threaded screws, 
pitch of the helix — lead = | 


— twice the.pitch of the screw. 
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Fig. 14-4 shows double-threaded screw, having the 
same cross-section and the same pitch of the screw, as in 
problem 3. 


Helix upon a cone: This curve.is traced out by a 
point which, while moving around the axis and on the surface 
of the cone, approaches the apex. The movement around 
the axis is uniform with its movement towards the apex, 
measured parallel to the axis. The pitch of the helix is 
measured parallel to the axis of the cone. 
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Аз the whole surface of the cone is visible in its plan, 
the helix will be fully seen in it. | 
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Problem 4: 


То draw a helix of one convolution upon a cone, diameter of base 
7-5 ст (3"), height 10 cm (4")-and pitch 7-5 cm (3"); also to 
develop the surface of the cone, showing the helix on it (fig. 14-5). 
Draw the plan апа: elevation of the cone as shown. 


Divide the circle into twelve equal 7 Tes 
2 etc. with o. qual parts and join points 1, 


,. Project these points to the base-line in elevation and 
join them with о’. А 

. Mark a point A on the axis at a distance of 7-5 cm (3^) 
from. the base. Draw a horizontal line through А to cut the 
generator o P at A’. Divide PA’ into. twelve equal parts. 
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Let P be the starting point. When it has moved around 
through 30°, it will have moved up through one division 
to a point р, on the generator o'l’, obtained by drawing 


fa 
| 


Pel 





Fic. 14-5 


a horizontal line through 1”. fj will be а point on the helix 


in the elevation. Its projection to p, on ol, will be the posi- 
tion of the point in the plan. 
us Obtain all the. points in this manner and draw smooth 


curves through them in both the views. 
Draw the devlopment of the surface of the cone and 


locate points ру, fa etc. as explained in prolbem 9 of Ghapter : 


Хи. 
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EXERCISES XIV 


(l) Draw a helix of pitch equal to 5 cm (2”) upon a cylin- 
der of 7-5 cm (3") diameter and develop the surface of the cylin- 
der. Assume the starting point to be оп the vertical centre line 
in the plan. 


(2) Draw the projections of a helix having a helix-angle of 
30°, on a cylinder of 7:5 cm (3”) diameter. 


(3) A spiral spring is made of.a wire of rectangular cross- 
section 2-5 cm (1" x 2 cm (3). Draw two complete turns 
of the spring. Outside diameter 10 cm (4"), inside diameter 
5 cm (2") and pitch 5 cm (2^). 


(4) Project one complete turn of a helical spring of outside 
diameter 7-5 cm (3") and pitch 5 cm (2"), the cross-section of 
‚ wire being a circle of 2 cm (2") diameter. 


(5) Draw the elevation and plan of three coils of a helical 
spring of steel wire 2 cm (2") diameter. Outside diameter of Ње. 
spring 10 cm (4") and pitch 5 cm (2^). 


(6) Project two complete turns of a triangular thread, outside 
diameter 12-5 cm (5^), pitch 2:5 cm (1") and angle 60°. 


(7) А screw having triple-start square thread has outside 
diameter 15 cm (6^), lead 12 cm (41") and pitch 4 cm (11^). Draw 
its projections. 


(8) Draw a helix of one convolution upon a cone, diameter 
of the base 7-5 cm (3"), axis 10 cm (4^) long and pitch 7:5 cm (3"). 
Take apex as the starting point for the curve. 


(9) A point P, starting from the base-circle of a cone, reaches 
the apex, while moving around the axis through two complete 
turns. Assuming the movement of P towards the apex (measured 
parallel to the axis) to be uniform with its movement around the 
axis, draw the elevation, plan and development of the cone 
showing the path of P in each. Diameter of the base of the cone 
7-5 cm (3"); axis 10 cm (4^) long. 
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ISOMETRIC PROJECTION 
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Isometric projection is a type of pictorial projection in 
which the three dimensions of a solid are not only shown 


in one view, but their actual sizes can be measured directly . 


from it. 


Ifa cube is placed on one of its corners on the ground, 
with a solid diagonal perpendicular to the V.P., the elevation 
is the Isometric Projection of the cube. The step-by-step 
construction is shown in fig. 15-1 and explained in detail 
in problem 23 of Chapter XII. 





Fic. 15-1 C, | 


Fig. 15-2 shows the elevation of the cube in the above 
n capital letters. Its 


position, with the corners named 1 
careful study will show that: 
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: lly inclined to the 
a) All the faces of the cube are equally 
V.P d Mense, they arc seen as similar and equal rhombuses 


instead of squares. 


three lines GB, CD and GG meeting at C and 
O de three edges of the solid right-angle are also 
equally inclined to the- V.P. and are, therefore, ] equally 
foreshortened. They make equal angles of 120 with cach 
other. The line CG being vertical, the other two lines CB 
and CD make 30° angle each, with the horizontal. 





| jx] Fic. 15-2 


(о All other lines representing the edges of the cube 
are parallel to one or the other of the above three lines and 
are also equally foreshortened. 


(d) The diagonal BD of the top face is parallel to the 
V.P. and hence, retains its true length. 


Isometric axes, lines and planes: The three lines 
CB, GD and CG meeting at the point C and making 120 
angles with each other are termed isometric axes. The lines 
parallel to these axes are called isometric lines. The planes 


representing the faces of the cube as well as other plancs 


parallel to these planes are called isometric planes. 
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Isometric scale: As all the edges of the cube are 
cquall» foreshortened,:the square faces are seen as rhombuses. 
The rhombus ABCD (fig. 15-2) shows the isometric projec- 
tion of the top square face of the cube, in which BD is the 
{гис length of the diagonal. 





Construct a square BQDP around BD as a diagonal. 
Then DBP shows the true length of BA. ( 
Ае BA сеэ 2 
in triangle АВО, BO 55805 V3 
BP 1 Vide 
In tri AU 
n triangle PBO, BO 


! 





— 0-815 or = (approx). 


Thus, thc isometric projection is reduced in the 1atio 
A9 : 4/3, i.c. the isometric lengths are 0-815 of the true lengths. 


Therefore, while drawing an isometri¢ projection, it is 
necessary to convert true lengths into isometric lengths for 
measuring and marking the sizes. This is conveniently done 
by constructing and making use of an isometric scale, as 


shown below. 


| | 
(I) Draw a horizontal line BD of any length (fig. 15-8). 
| At the end В, draw lines ВА and BP, such that L DBA = 30 
| and Z DBP = 45°. Mark divisions of true length on the line 
) BP and from each division-point, draw verticals to BD, meet- 
| ing ВА at respective points. The divisions thus obtained on 
BA give lengths. on isometric scale. 


ends А and B, draw lines AG and BC making 15° апа 45° 
angles with АВ respectively, and intersecting each other at C. 
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From division-points of true lengths on AB, draw lines parallel 
to BC and meeting AC at respective points. The divisions 
along АС give dimensions to isometric scalc. 





1 2 
TRUE LENGTHS 


Fic. 15-4 


The lines BD and AC (fig. 15-2) represent equal diagonals 
of a square face of the cube, but are not equally shortened 
in isometric projection. BD retains its true length, while 
AG 1s considerably shortened. Thus, it is seen that lines 
which are not parallel to the isometric axes, are not reduced 
according to any fixed ratio. Such lines are called non- 
isometric lines The measurements should, therefore, be 
made On isometric axes and isometric lines only. The non- 
isometric lines are drawn by locating positions of their ends 
on isometric planes and then joining them. 


If the foreshortening of the isometric lines in an isometric 
Projection is disregarded and instead, the true lengths are 
marked, the view obtained will be exactly of the same shape 
but larger in proportion than that obtained by the use of the 
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isometric scale, as shown in fig. 15-5. Due to the ease in 
construction and the advantage of measuring the dimensions 
directly from the drawing, it has become a general practice 
to use the natural scale instead of the isometric scale. 





ELEVATION 


, 
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Referring again to fig. 15-2, the axes BC and CD repre- 
sent the sides of a right angle in horizontal position. Each 
of them together with the vertical axis CG, represents the 
right angle in- vertical position. Hence, in isometric pro- 
jection of any rectangular solid resting on a face in the H.P., 
each horizontal face will have its sides parallel to the two 
sloping axes; each vertical face will have its vertical sides 
parallel to the vertical axis and the other sides parallel to 
one of the sloping axes. In other words, the vertical edges 
are shown by vertical lines, while the horizontal edges are 
represented by lines, making 30° angles with the horizontal. 
These lines are very conveniently drawn with the T-square 
and a 30°-60° set-square. 


Problem 1: 


To draw the isometric projections (using isometric scale) of (1) 
a rectangle of 7-5 ст (3") and 5 cm (2") sides, its plane being 
horizontal and (ti) a regular pentagon of 2-5 cm (1") side, its plane 
being vertical and ‘one of its sides horizontal. 
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(i) As the plane of the rectangle is horizontal, its sides 
will be parallel: to the two sloping axes (fig. 15-6). 


i 


Fic. 15-6 


From any point P, draw lines PQ and PS, 7-5 cm (3") 
and 5 cm (2") long (isometric lengths) and paratici to the 
two sloping axes respectively, i.c. at 30? to thc horizontal. 
` Complete the parallelogram РОК, which is the required 
isometric projection of the rectangle. 





Fic. 15-7 


(ii) Draw the given pentagon with one side horizontal 
(fig. 15-7). As the pentagon has no right angle, enclose it 
in an oblong. The surface of the pentagon is to be vertical; 
hence, draw the isometric projection of the oblong (using 
isometric scale) with one side parallel to the vertical axis and 
the other parallel to one of the sloping axes. Mark points 
for the corners of the pentagon on corresponding sides, taking 
the distances from the corners of the oblong and converting 
them into isometric lengths. Join these points as shown. 


сое - 
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Probiem 2 (fig. 15-8): 


: To draw the isometric projection of a square prism when its 
axis is (i) verlical (й) horizontal. 


A Ми А 


c 
(ї) ` (à) (iii) (р) * 
Fic. 15-8 

(i) When the axis of the prism is vertical, its ends will 
be horizontal. 

Draw the isometric projection of the top end [fig. 15-8()]. 
It will be a rhombus with sides inclined at 30? to the hori- 
zontal. The length of the prism must be shown in the third 
direction, i.e. parallel to the vertical axis. Hence, from thc 
corners of the rhombus, draw vertical lines, each equal to the 
length of the axis and complete the longer faces. “Edges 
5-8, 4-8 and 7-8 are hidden. | 

‚ In fig. 15-8(iv) the bottom end of the prism is shown fully 
visible and therefore, the top is hidden. 

(ii) When the axis is horizontal, the ends will be verti- 
cal These can be drawn in two ways as shown in fig. 15-8(i) 
and fig. 15-8(iii). The length is shown in the third direction 
which is different in each case. 

While dealing with isometric projectien of solids the 
following important points should be carefully noted: 

(1) At every visible corner of the solid, three lines 
must converge. Of these, either all the three or any two 
may be visible. The hidden lines may not be shown but it 
is advisable to check up every corner so that no visible linc 


is left out. 
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(2) Two outlines (for visible edges) will never cross 
each other. 


When an object contains a number of non-isometric 
lines, its isometric projection may be drawn by either (a) box 
method or (b) offset method. 

(a) Box method: This method is generally used for 
objects in which non-isometric lincs or their cnds lie in 
isometric planes. "The object is assumed to be enclosed 
in a rectangular box. The box is first drawn in isometric. 
The ends of the lines are then located by measuring on or 
from the outlines of the box. 


Z Problem 3: 


Draw the isometric projection of the frustum of the hexagonal 
pyramid shown in fig. 15-9(i). з 


6 I 2 3 





(i se 
. Fic. 15-9 ) 


Enclose the elevation and the plan in rectangles. 


Draw the isometric view of the rectangular box [fig. 
15-9(й)]. Locate the six points of the base of the frustum 
on the sides of the bottom of the box. The upper six points 
on the top surface of the box are located by drawing isometric 
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lines, e.g. x2 and y2 intersecting at a point 2. Join the corners 
and complete the isometric view as shown. 

(b) Offset method: This method is adopted for objects 
in which neither non-isometric lines nor their ends lie in 
isometric planes. 

Perpendiculars are dropped from each end of the line 
to 2 horizontal or a vertical reference plane. The points 
at which the perpendiculars meet the plane, are located by 
drawing co-ordinates or offsets to the edges of the plane. 


Problem 4: 


To draw the isometric projection of a pentagonal pyramid, the 


plan and elevation of which are given in fig. 15-10(1). 





Fic. 15-10 


Enclose the base (in the plan), in an oblong. Draw 


an offset pq on the line 1x. 
Draw the isometric view of the oblong and locate the 


corners of the base in it [fig. 15-10(ii)]. Mark a point Q 


such' that ОХ = 4х. From Q, draw a line QP equal to gp 
and parallel to XY. At P, draw a vertical OP equal to op. 
Join O with the corners of the base, thus completing the 
isometric view of the pyramid. 

Fig. 15-10(#) shows. the isometric projection of the 
same pyramid with its axis horizontal. 
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Problem 5: 


— . To draw the isometric projection of the truncated triangular | 
pyramid shown in Jig. 15-11(i). | 
| 





Fic. 15-11 


А perpendicular d'z' is drawn from the corner d’ to 
the base, which is enclosed in an oblong and taken as a 
reference planc. From x which coincides with d in the plan, 
an offset xr is drawn to the edge ab. This offset is then 
transferred to the isometric view of the base [fig. 15-11(4)] 
and the point D is located by drawing a vertical DX equal 


„„/ 
to dx’. The corners E and F and the apex O are also located 
in the same manner. | 


аанньа жаш». „х= = зз м с =з ee з ==  oa^AL ать eee t ene ees э 


_ Isometric projection of a circle (fig. 15-12): A 
circle may be drawn in isometric projection by enclosing it 
їп а square and locating a number of points on it by: the 
offset method. The mid-points of the sides of the square give 
Sum of four points. Four more points viz. inter- 
E сд вещи аре дош WIR ш к тау ре located 


1 
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j In fig. 15-12(7) the circle is enclosed in a square. Eight 
points are marked on it, as stated above. : | 













The isometric view of the square in horizontal position 
is shown in fig. 15-12(ii). A point 5 is shown located by the 
offset method. The other three points on the diagonals may be 
found in the same way or by drawing through 5, lines parallel 
to the sides of the rhombus. A smooth curve drawn through 
these points and the mid-points of the sides, will be the iso- 
metric projection of the circle. It is an_ellipse, the major axis 
of which is equal to the true diameter of the circle. The length 
of the side of the rhombus is equal to the isometric dia- 
meter of the circle. 


Isometric projections of the circle with its plane vertical 
are shown in figs. 15-12(zi) and (iv). i 


SVGAPEROXIMATE METHOD OF CONSTRUCTING THE ELLIPSE: 


Draw the rhombus ABCD [fig. 15-18(2)]. At the mid- 
points of its sides, erect perpendiculars which will intersect 
(i) at points P and Q on the diagonal BD and (ii) at corners 
AandG. With A and C as centres and radius equal to AE, 

sand with P and Q as centres. and radius equal to PE, draw 
arcs to form the ellipse. ла 
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The figure obtained by the approximate method is not а 
true ellipse and differs considerably in size and shape from 
the real сШрѕе. But owing to the ease in construction and 
to avoid the tedious task of drawing freehand smooth curves 
this method is very often employed. 





Fic. 15-13(1) 


ima anms pmo ct 
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Isometric projections of quadrants arc very conveniently 


drawn by the approximate method as shown in fig. 15-13(i). 


am "YT XL а 


а зац 
gongana 


i From the point of intersection of the isometric lines, 
PIC marked on these lines at a distance equal to R, 
adıus of the arc. At these points, perpendiculars to the 


.. 


-— --4- 
ЕРЕ o 
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Fic. 15-13 (i) 


кепе lines are erected. They intersect each other at the 
eq centre. It is interesting to note that, although 


the arcs are . 4 
оаа of the same radius, they vastly differ in isometric 
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Isometric projection of a cylinder (fig. 15-14): 
This is drawn by first constructing the ellipses for the ends 
and then joining them by common tangents. The chain-line 
figure within the cylinder, shows the isometric projection of 
a conc, having the diameter of the base and the length of 
the axis same as thosc of the cylinder. 


| 


———  —— 9". — À—À t P —À— oe 
^ 
=~ 


Isometric projection of a sphere: The clevation 
and plan of a sphere resting in the H.P. is shown in fig. 
15-15(i). C is its centre, D is the diameter and P is the 
point of its contact with the ‚H.P. 


Assume a vertical section through the centre of the 
sphere. Its shape will be a circle of diameter D. The iso- 
metric projection of this circle is shown in fig. 15-15(#) by 
ellipses 1 and 2, drawn in two different vertical positions 
around the same centre C. The length of the major axis in 
each case is equal to D. The distance of the point P from 
the centre C is equal to the isometric radius of the sphere. 


Again, assume a horizontal scction through the centre 
of the sphere. The isometric projection of this circle is shown 


>. 
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by an ellipse 3, drawn in a horizontal position around the 
same centre C. In this case also, the distance of the outer- 
most points on the ellipse from the centre C is equal to 1D. 


UT CPs "ED "ume ce эь quM = 


: Thus, it сап be seen that in an isometric projection, the i 
distances of all the points on the surface of a sphere from its | 
centre, are cqual to the radius of the sphere. 


Hence, the isometric projection of a sphere is a circle 
whose diameter is equal to the true diameter of the sphere. 


\ 





Ес. 15-15 


_ Also, the distance of the centre of the sphere from its 
point of contact with the ground, is equal to the isometric 
radius of the sphere, viz. CP. 


| 
! 
i 
$ 
À 


~ it is, therefore, of the utmost importance to note that, 
isometric scale should invariably be used, while drawing isometric 
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projections of solids in conjunction with spheres or having spherical 
parts. . 


Problem 6: 


To draw the isometric projection of a sphere resting centrally 


on the top-end of a square prism (fig. 15-16). 


Draw the isometric projection of the square prism and 
locate the centre P of its top surface. Draw a vertical at 


I 





Frc. 15-16 


P and mark a point C on it, such that, РС`= the isometric 
radius of the sphere. With C as centre and radius equal to the 
irue radius of the sphere, draw a circle, which will be the iso- 
metric projection of the sphere. 


Typical problems : 


The solutions given in the following typical problems 
are mostly self-explanatory. Explanations are however given 
where deemed necessary. Construction lines are left intact 
for guidance. Unless otherwise stated, all dimensions are 
given in millimetres. 
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Problem 7: 

The elevation of a board fitted with a letter H and mounted 
on a wooden post is given in fig. 15-17. Draw its isometric 
projection, assuming the thickness of the board and of ihe leiter to 
be equal іо 3 cm. Scale, half full size. (All dimensions are given 
in centimetres.) ; 


See fig. 15-18. AM 





Fic. 15-17 Fic. 15-18 
Problem 8: 
Draw the isometric projection of the model of steps, two views 


of which are shown in fig. -15-19. 
See fig. 15-20. 


Problem 9: 


| Two pieces of wood joined together by a dovetail joint are shown 
in two views in fig. 15-21. Draw the isometric projection of the 
two pieces separated but in a position ready for fitting. 

Sec fig. 15-22. 
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Fic. 15-20 
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(Third-angle projection) 
Fic. 15-19 


Fic. 15-21 Fic. 15-22 


Problem 10: 


The outside dimensions of a box made of 4 cm ($7) thick 
planks are 90 cm X 60 cm X 60 cm height (7 2X2 height). 
The depth of the lid on the outside is 12 cm (43 ). Draw the isometric 
projection of the box when the lid is (a) 90° open апа (b) 120" open. 
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Draw the orthographic view of the box with the lid in 
required positions as shown in fig. 15-23. 





Fic. 15-23 —— | Fic. 15-24 


_ (a) This position is simple to draw in isomctric projec- 

tion. Care must, however, bc taken to deduct the thickness 
of the wood for the bottom and the top, when showing the 
lines for the inside of the box and the lid (fig. 15-24). 


(b) In this position, points P, Q, R ctc. for the lid 
are located by enclosing the lid in the oblong and transfer- 
ring the same on the isometric view as shown. The view 
is left incomplete to avoid congestion. 


Problem 11: 


Two views 9f a cast-iron block are shown in fig. 15-25. 
Draw its isometric projection. 


See fig. 15-26. 


The slope of the lines for the grooves on the outer sur- 
face on all the four sides is different and is obtained as shown 


` 
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by construction lines. The depth is measured along verti- 
cal lines. 





Fic. 15-25 Fic. 15-26 


Probiem 12: 

Draw the isometric projection of the casting shown in two views 
in fig. 15-27. 

Sec fig. 15-28. 


[—25 --—56————4 


Ес. 15-27 





Fie. 15-28. 
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Problem 13: 


Draw the isometric projection of the simple moulding shown 
in fig. 15-29. 
See fig. 15-30. 





(Third-angle projection) 
Fic. 15-29 Fic. 15-30 


The points on the curve are located by co-ordinate 
method. The parallel curve is obtained by drawing lines in 
the third direction and equal to the thickness of the moulding. 


Problem 14: 


_ The elevation of three solids placed one above the other, with 
their axes т a straight line is shown in fig. 15-31. Draw the 
isometric projection of the arrangement. 


See fig. 15-39. 
_ In this problem isometric lengths must be taken for all 
dimensions except for the radius of the circle for the sphere. 
. . The centre C of the sphere is at a distance equal to the 
isometric radius from the centre P of the top face of the conces 
frustum. The circle for the sphere is drawn with the true radius. 
The ellipse for the section of the sphere is drawn within 
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the, rhombus constructed around the point Q on the axis. 
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Draw the isometric projection of the clamping -piece shown in 
fig. 15-33. L Жой 


See fig. 15-34. 


Fig. 15-33 Phe 





Fie. 15-34 
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Problem 16: 
Draw the isometric projection of a hexagonal nut for a 24 mm 


diameter bolt, assuming approximate dimensions. The threads may 


be neglected but chamfer must be shown. 
See fig. 15-35. 





Frc. 15-35 
Problem 17: 


Draw the isometric projection of a square-headed bolt 24 mm 


diameter and 70 mm long, with a square neck 18 mm thick and a 


head, 40 mm square and 18 mm thick. 


See fig. 15-36. (The orthographic views are drawn 
according to third-angle projection method). 





Fic. 15-36 
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Problem 18: 


Draw the isometric projection of a paper-weight with spherical 
knob shown in fig. 15-37. 


See fig. 15-38. 





Fic. 15-37 Fic. 15-38 


X Problem 19: 
Draw the isometric projection of the casting shown in fig. 15-39. 
Sec fig. 15-40. 
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Problem 20: $C. . 


The elevation and plan of a casting are shown in fig. 15-41. 
Draw its isometric projection. 


See fig. 15-42." 





(Third-angle projection) 
Fic. 15-41 





Fic. 15-49 
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Problem 21: Z^ 


Draw the isometric projection of the bracket shown in two views 
in fig. 15-43. 


See fig. 15-44. 





Fic. 15-44 
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Problem 22: 


Draw the isometric projection of the machine-handle shown 
in fig. 15-45. x 


Sec fig. 15-46. 





Fic. 15-46 


All measurements must be in isometric lengths except 
those for the diameters of spherical parts. 

Draw an axis and mark on it the positions of points 
A, B etc. At points B, C, E and F, draw ellipses for circular 
sections of the conical handle. Ellipses at B and E will be 
completely hidden. "With points 4, D and G as centres, 
draw circles for the spheres, with their respective true radii. 
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Mark points J and H on the vertical axes through G and 
D respectively and draw ellipses for the respective sections 
of the spheres. Around H, draw a rhombus for the square 
hole. The dotted lines for the depth of the holes are omitted. 


Jg? roblem 23: 


The elevation of a slool having a square top and four legs, is 
shown in fig. 15-47. Draw its isometric projection. | Unit —1 cm. 





Fic. 15-47 | Fic. 15-48 


The legs lie along the slant edges of a frustum of a 
square pyramid (fig. 15-48). 

Positions of. the connecting horizontal strips between 
the legs at the top and at the bottom are determined, by 
marking the heights along the axis and then drawing iso- 
metric lines upto the line AB, which shows the slope of the 
face of the frustum. 


EXERCISES XV 


Assuming unit length to be equal to 1 cm or i" draw the 
isometric views of objects shown in figs. 15-49 to 15-61. 


Note: Isometric scale must be used for objects Nos. 4, 5 and 15 _ 


in fig. 15-50. 
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(Third-angle projection) 
Fic. 15-52 
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Fic. 15-51 
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Fic. 15-58 


(Third-angle projection) 
Fic. 15-57 





Fic. 15-61 
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Invisible features of an object are shown by dotted lines 
in their projected views. But when such icatures are too 
many, these lines make the views more complicated and 
difficult to interpret. In such cases, itis customary to imagine 
the object as being cut through or sectioned by planes. The 
part of the object between the cutting plane and the observer 
is assumcd to be removed and the view is then shown iz section. 


The imaginary plane is called a section plane or a cutting 
plane. 


The surface produced by cutting the object by the 
section plane is called the section. It is indicated by thin 
section lines uniformly spaced and inclined at 45°. 


The projection of the section along with. the remaining 
portion of the object is called a sectional view. Sometimes, 
only the word section is also used to denote a sectional view. 


Section planes: Section planes are generally perpen- 
dicular planes. They may be perpendicular to one of the 
reference planes and either perpendicular, parallel or 
inclined to the other plane. They are usually described by 
their traces. It is important to remember that the projec- 
tion of a section plane, on the plane to which it is perpendicu- 
lar, is a straight line. This line will be parallel, perpendicu- 
lar or inclined to xy, depending upon the section planc 


being parallel, perpendicular or inclined respectively to the 
other reference plane. 


Sections: The projection of the section on the refer- 
ence plane to which the section plane is perpendicular, will 
be a straight line coinciding with the trace of the section 
plane on it. Its projection on the other plane to which it 
is inclined is called apparent section. This is obtained by 
(i) projecting on the other plane, the points at which the trace 
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of the section plane intersects the edges of the solid and 
(ii) joining these points by lines in proper sequence. 

True shape of a section: The projection of the 
scction on a plane parallel to the section plane will show the 
truc shape of the section. Thus, when the section plane is | 
parallel to the H.P., the true shape of the section will be seen 
in sectional plan. When it is parallel to the V.P., the true 
shape will be visible in the sectional elevation. But when 
the section plane is inclined, the section has to be. projected 
on an auxiliary plane, parallel to the section plane, to 
obtain its true shape. When the section plane is perpen- 
dicular to both the reference planes, the sectional end ele- - 
vation will show the true shape of the section. 


Sections of different solids are explained in stages by 
means of typical problems. 
SECTIONS OF PRISMS: 
(a) Section plane parallel to the V.P. 


Problem 1: 


A cube of 4 cm (1}") long edges is resting on the ground on 
one of its faces with a vertical face inclined at 30° to the V.P. 1t 
is cut by а section plane parallel to the V.P. and I cm GS) ашау 
from. Ше axis and. further away from the V.P. Draw its sectional 
elevation and plan (fig. 16-1). 


r 


2 





( 
Fic. 16-1 


The scction plane parallel to the V.P. and passing 
through the cube is shown in fig. 16-1(i). 
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When the cut-portion is removed, the section will be 
visible. 

In fig. 16-1(Z), the section plane is assumed to be 
transparent and the cube is shown with the  cut-portion 
removed. It can be seen that four edges of the cube are 
cut and hence, the section is a figure having four sides. 

Draw the projections of:the cube in the required posi- 
tion as shown in fig. 16-1(ii)) and as explained below. 

As the section plane is parallel to the V.P., it is perpen- 
dicular to the H.P ; hence, the section will be scen as a line 
in plan, coinciding with the Н.Т. of the section planc. 

Draw a line Н.Т. in the plan (to represent the section 

" 


plane) parallel to xy and 1 cm (5 ) from о. Name the 


points at which the edges are cut, viz. ab at 1, bc at 2, gf 


at 3 and fe at 4. 

Project these points on the corresponding edges in the 
elevation and join them in proper ordcr. 

As the section planc is parallel to the V.P., figure 1'2'3'4' 
in the elevation, shows the true shape of the section. 

Show the views by dark but thin lines, leaving. the lines 


for the cut-portion fainter. Draw scction lines in the rectangle 
for the section. 


(b) Section plane parallel to the H.P. 
Problem 2: 


A triangular prism, base 3 cm (11") side and axis 5 cm (2") 
long, as lying on the ground on one of its rectangular faces with its axis 
inclined at 30° to the V.P. It is-cut by a horizontal section plane, 


at a distance of 1:2 cm (4") above the ground. Draw its elevation 
and sectional plan (fig. 16-2). : 


tion. 

As the section plane is horizontal, i.e. parallel to the 
H.P., it is perpendicular to the V.P. Hence, the section 
will be seen as a line in the elevation, coinciding with the 
М.Т. of the section plane. 

Therefore, draw a line У.Т. in the elevation, to represent 
the section plane, parallel to xy and 1-9 cm (4”) above it. 


e 
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Name in correct sequence, points at which the edges аге. cut, 
viz. a'b' at l', ас at 2’, d'f' at 3’ and d’e’ at 4'. Project 
these points on the corresponding lines in the plan and com- 
plete the sectional plan by joining them in proper order. 





Fic. 16-2 


As the section plane is parallel to the H.P., the figure 
1 2 3 4 (in the plan) is the true shape of the section. 


(c) Section plane perpendicular to the Н.Р. and in- - 
clined to the V.P. 


Problem 3: 


A cube in the same position as in problem 1, is cut by а section 


- plane, inclined at 60° to the V.P. and perpendicular to the H.P., 
г зо that the face which makes 60° angle withthe V.P. is cut in two 


equal halves. Draw the sectional elevation, plan and true shape 
of the section (fig. 16-3). 

The section will be scen as a line in the plan, coinciding 
with the H.T. of the section plane. 

Draw the-elevation and the plan of the cube. Draw 
a line H.T. in the plan, inclined at 60° to xy and cutting the 
line ad (or be) at its mid-point. 
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Name the corners at which the four edges are cut and 


project them in the elevation. As the section plane is in- . 


clined to the V.P., the elevation of the section viz. 1'9'3/4! 
does not reveal its true shape. Only the vertical lines show 
their truc lengths, while the true lengths of the horizontal 
lines are scen in the plan. 





Fic. 16-3 


The true shape of the section will be scen when it is 
projected on an auxiliary vertical plane, parallel to the 
section planc. : 


Therefore, draw a new ground line ху) parallel to the 
Н.Т. and project the section on it. The distances of the 
points from хуу, should be taken equal to their correspon- 
ding distances from xy in the elevation. Thus, 4" and 3" will 
be on хуу,; 1"4" and 2"3" will be equal to 1'4' and 2'9' 
respectively. Complete the rectangle 1"9"3"4" which is the 
true shape of the section and draw section lines in it. 


(d) Section plane perpendicular to the V.P. and in- 
clined to the H.P. 


Prob!em 4: 


А cube in the same position as in problem 1, is cut by a section 
plane, perpendicular to the V.P., inclind at 45° to the Н.Р. and 
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passing through the top end of the axis. (i) Draw its elevation, sec- 
tional plan and true shape of the section. (ii) Project another plan 
on an auxiliary plane, parallel to the section plane (fig. 16-4). 





Fic. 16-4 


The section will be scen as a line in the elevation. 


Draw a line V.T. in the elevation, inclined at 45° to 
xy and passing through the top end of the axis. It cuts four 
edges, viz. ае at 1’, a'b’ at 2’, c'd' at 3’ and d/h’ at 4’. Pro- 
ject the plan of the section, viz. the figure 1 2 3 4. It docs not 
show the true shape of the section, as the section plane is 
inclined to the Н.Р. 


To determine the true shape, an auxiliary plan should 
be projected on an A.I.P. parallel to the section plane. 
Assuming the new ground line for the A.I.P. to coincide 
with the V.T., thc true shape may be projected as shown 
by the quadrilateral 1,2,3,4,. The distances of all the points 
from the V.T. should be taken equal to their corresponding 
distances from xy in the plan, e.g. 1,1’ = e'l, 4,4’ = h'4 etc. 


To project an auxiliary plan of the cube, draw хуу 
parallel to У.Т. The whole cube may first be projected 
and the points for the scction may then be projected on 
corresponding edges. Join these points in correct sequence. 
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Draw section lines in the cut-surface, in the views where 


it is seen. Keep the lines for the removed edges, thin and 


fainter. 


ADDITIONAL PROBLEMS ON SECTIONS OF PRISMS: 


Problem 5: 


Z-A square prism, base 4-5 cm (13") side, axis 8 ст (3%”) 
long, has its base in the Н.Р. and its faces equally inclined io the V.P. 
It is cut by а plane, perpendicular 10 the V.P., inclined at 60 , lo 
the H.P. and passing through a point on the axis 5:5 ст (22") 
above the Н.Р. Draw its elevation, sectional plan and another 
plan on an A.LP. parallel to the section plane (fig. 16-5). 





Fic. 16-5 


The problem is similar to problem 4 and nceds no further 
explanation. The true shape of the section is seen ІП the 


auxiliary plan. 
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Problem 6: JL 


uhr" 


A hexagonal prism has a face in the H.P. and the axis parallel 
to the V.P. It is cut by a vertical plane, the H.T. of which makes 


an angle of 45° with xy, and which cuts the axis ata point 2 cm (2^) 


Jrom one of ils ends. Draw its sectional elevation and the true 


shape of the section. Side of base 2-5 cm (1") long, height 6-5 cm (21"). 
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Draw Ше elevation and plan of the`prism and show the 
Н.Т. of the section plane in the plan (fig. 16-6). 


Name in proper sequence, the points at which the lines 
are cut. Project them on the corresponding lines in the 
elevation. The positions of points 4 and 5 cannot be located 
directly. Hence, project them on the first plan to 41 од ef 
and 5, on ed. From this plan, obtain their positions 4,’ and 


e 


CR RE LOC 
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5.’ on the corresponding lines in the first clevation. As the 
ЫЕ clevations are identical, these points can now be trans- 

з =e b , 
ferred to the second elevation by making 0 4 equal to b 4 
and 5'5' equal to b’5,’. 4' and 5' arc the projections of points 
4 and 5 respectively. Complete the sectional elevation as 
shown. 


Obtain the true shape of the section on хуу as explained 
in problem 3, making 0"1" equal to o1 , cic. 


Problem 7: 


A pentagonal prism, base 2-8 cm (18^) side and height 6-5 cm 
(217), has'an edge of its base in the H.P., and the axis parallel to the 
V.P. and inclined at 60° to the H.P. A section plane, having us H.T. 
perpendicular to xy, and the V.T. inclined at 60° to xy and passing 
through the highest corner, cuts the prism. Draw the sectional plan 
and true shape of the section (fig. 16-7). 





` Fic. 16-7 


Draw the projections of the prism in the required posi- 
tion. Draw the line V.T. passing through the highest 
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corner 3' and inclined at 60° to xy. A perpendicular to xy 
through V, will be the Н.Т. of the section plane. 


Project the sectional plan and the true shape of the 
section, as shown in the figure. 


Problem 8: 


A hollow square prism, base 4 cm (15") side. (outside), 
height 6:5 cm (21") and thickness 0-8 cm (ү ) is resting on its 
base in the Н.Р. with a vertical face inclined at 30° to the V.P. 
AA section plane, inclined at 30° to the H.P., perpendicular to the V.P. 
and passing through the axis at a point 1-2 cm (1") from its top 
end, cuts the prism. Draw its sectional plan, sectional end elevation 
and true shape of the section (fig. 16-8). 


7 


Дело шр 


i 


Йй) 
21 
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Draw the projections of the prism in the given position, 


showing the hidden edges by dotted lines. Draw a line 
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V.T. for the cutting plane and mark points at which the 
inside and outside edges are cut. Project the sectional plan, 
true shape of the section and the sectional end view as shown. 


SECTIONS OF PYRAMIDS: 
(a) Section plane parallel to the base of the pyramid. 
Problem 9: 


A pentagonal pyramid, base 2-8 cm (11") side, axis 6:5 cm 
(21") long, has its base in ће Н.Р. and an edge of ihe base parallel 
to the V.P. A horizontal section plane cuts it at a disiance of 2-5 cm 


(1") above the base. Draw its elevation and sectional plan 
(fig. 16-9). ) 





Етс. 16-9 


Draw the clevation and plan of the pyramid in the 
required position and show a line V.T. for the section plane, 
parallel to and 2-5 cm (1") above xy. 


АП the five slant edges are cut. Project the points at 
which they are cut, on the corresponding edges in the plan. 
The point 2' cannot be projected directly as the line ob is 
perpendicular to xy. But it is quite evident from the pro- 
Jections of other points.that the lines of the section in plan, 
viz. 3-4, 4-5 and 5-1 are parallel to the edges of the base in 
their respective faces and that the points 1, 3, 4 and 5 are 
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equidistant from o. Hence, line 1-2 also will be parallel 
to ab and 02 will be equal to o1, 03 etc. Therefore, with o as 
centre and radius ol, draw an arc cutting ob at a point 2 
which will be the projection of 2'. Complete the sectional 
plan in which the true shape of the section, viz. the penta- 
gon 12 3 4 5 is also seen. 


i 
| 
| Hence, when pyramid is cut by a plane parallel to its 
| base, the true shape of the section will be a figure, similar 
| to the base; the sides of the section will be parallel to the 
| edges of the base in the respective faces and the corners of 
| the section will be equidistant from thc axis. 

| 


(b) Section plane parallel to the V.P. 

Problem 10: : 
А triangular pyramid, having base 2-5 cm (1") side and axis 

5 cm (2") long, is lying in the H.P. on one of its. faces, with the 

axis parallel to the V.P. A section plane, parallel to the V.P. 

cuis the pyramid at a distance of 0-6 ст (2") from the axis. Draw 

iis sectional elevation and plan (fig. 16-10). 


3 





Fic. 16-10 l я 
Draw the projections of the pyramid in the required 
position and show a line H.T. (for the cutting planc) in the 
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plan, parallel to xy and 0:6 cm (4") from the axis. 


Project points 1, 2 and 3 (at which the edges are cut) 
on corresponding edges in the «elevation and join them. 
Figure 1’2’3’ shows the true shape of the section. 


(c) Section plane inclined to the Н.Р. amd perpendi- 
cular to the V.P. 
Problem 11: 


A square pyramid, base 4 cm (15") side and axis 6:5 cm 


(21") long, has its base in the Н.Р. and all the edges of ihe base 


equally inclined to the V.P. It is cut by a section plane, perpendicular 
to the V.P., inclined at 45° to the H.P. and which bisects the axis. 
Draw its sectional plan, sectional end view and true shape of the 
section (fig. 16-11). 





Fic. 16-11 


Draw the plan and elevation of the pyramid in the 
required position. The section plane will be seen as a line in 


= 
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the elevation." Hence, draw a line V.T. through the mid- 
point of the axis and inclined at 45? to. xy. · Name in correct 
sequence, the points at which. the four edges. are cut and 
project them in.the plan. Here also, points 2’ and 4’ cannot 
be projected directly. Hence, assume a horizontal section. 
through 2" and draw a line parallel to the base, cutting o'a’ 
at 2,. Project 2,’ to 2, on oa in the plan. - From 2,, draw 
a line parallel to ab and cutting ob at a point 2; or, with o 
as centre and radius 02,, draw an arc cutting ob at 2 and od 
at 4. Complete the section 1 2 3 4 by joining the points 
and draw section lines in it. | 


Assuming the У.Т. to be the new ground line, draw 
the true shape of the section. Project the end elevation from 
the two views. The removed portion of the pyramid may 
be shown by thin and fainter lines. . 


(d) Section plane inclined to the V.P. and perpendi- 
cular to the Н.Р. | 


Problem 12: 


А pentagonal pyramid has its base in the Н.Р. and the edge 
of the base nearer the V.P., parallel to it. A vertical section plane, 
inclined at 45? to the V.P., cuts the pyramid at a distance of 0-6 cm 
(1”) from the axis. Draw the plan, sectional elevation and the 
auxiliary elevation on an A.V.P. parallel to the section plane. Base 
of pyramid 2-8 cm (I%") side; axis 5 cm (2") long-(fig. 16-12). 


The section plane will be seen as a line in the plan. It 
is to be at a distance of 0-6 ст (2^) from the axis. Hence, 
draw a circle with o as centre and radius equal to 0:6 cm (£^). 
Draw a line H.T., tangent to this circle and inclined at 45° 
to xy. It can be drawn in four different positions, of which 
any one may be selected. | 


Project points 1, 2 etc. from the plan to the correspond- 
ing edges in the elevation. Here again, point 2 cannot be 
projected directly. The process shown in problem 11 must 
be reversed. With centre о and radius 02, draw an arc cut- 
ting any one of the slant edges, say 0с, at 2,. Project 2, to. 


i ; Ya on о'с'. Through 2,’, draw a line parallel to the base, 
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9 S s R 
cutting o'b' at 2’. Then 2’ is the required point. Comp- 
lete the view; it will show the apparent section. . 
Draw a ground line хуу, parallel to the H.T. and project 
an auxiliary elevation which will show the truc shape of the 
section. 
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ADDITIONAL PROBLEMS ON SECTIONS OF PYRAMIDS: 
Problem 13: 


A hexagonal pyramid, base 2-9 cm (13") side and axis 6-5 cm 
(23") long, is resting on its base in the H.P. with two edges parallel 
to the V.P. It is cut by a section plane, perpendicular to the V.P. 
inclined at 45° to the Н.Р. and intersecting the axis at a point 22 
cm ($^) above the base. Draw elevation, sectional plan and true 
Shape of the section (fig. 16-13). 


This problem is similar to problem 11. In this case; 
the base is also cut and hence, the section is a-heptagon. Care 
must be taken to name the points in proper sequence. 
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The truc shape may be drawn on the V.T. as a new 
ground line or around the centre line a,d,, drawn parallel 
to the V.T. as shown. The distances of the points 1;, 2; etc. 





Fic. 16-13 


from 2,0, are taken equal to the distances of points 1, 2 etc. 
from the line ad (which is parallel to ху). 


Problem 14: 


А pentagonal pyramid, side of base equal to 2-5 cm (1^) and axis 
5 ст (2") long, is lying on one of its triangular faces in the H.P. 
with the axis parallel to the V.P. A vertical section plane, whose 
H.T. bisects the plan of the axis and makes an angle of 30° with 
the ground line, cuts the pyramid, removing its top part. Draw the 
plan, sectional elevation, true shape of the section and development = 
of the surface of the remaining portion of ihe pyramid (fig. 16-14). — — : 
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Draw the H.T. of the section plane and name the points 
at which the edges are cut, in correct sequence, i.e. mark 
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the visible edges first and then the hidden. edges. 
| 
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Project the sectional elevation which will show the 
apparent section, 


Obtain the true shape of the section on a ground line 
х1): drawn parallel to the H.T. 


Development (fig. 16-15): ` 


The line o'a’ shows the true length of the slant edge. 
With any point o as centre and radius о'а’, draw an arc an 
construct the development of the whole pyramid. Mark 
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points on it, taking the positions of 1 and 2 from the first 
plan and those of other points by projecting them on the 





Fic. 16-15 


true-length-line o'a’. Draw lines joining these points and 
complete the development as shown in the figure. 





Problem 15: i 
A hexagonal pyramid, base 2-5 cm (1") side and axis 5 cm (2°) 
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long, has a triangular face in the H.P. and ihe axis parallel to the 
V.P. It is cut by a horizontal section plane which bisects the axis. 
Draw the elevation and sectional plan and develop the surface of the 
cut-pyramid (fig. 16-16). 

The V.T. cuts six edges. The sectional plan shows 
the true shape of the section also. 


Development : 


None of the edges shows the true length of the slant 
edge. Hence, determine the true length o'a, and draw 
the development of the whole pyramid. Locate positions 
of the points 1 and 6 by projecting them on the first plan 
and positions of other points by drawing lines through them, 
parallel to the base and upto the true length line о'А. Mark 
these points on the development and complete it as shown. 


Problem 16: - | 

A hexagonal pyramid, base 2-8 cm (11") side and axis 7:5 cm (3^) 
long, resting on its base in the Н.Р. with two of its edges parallel 
to the V.P. is cut by two section planes, both perpendicular to the 
V.P. The horizontal section plane cuts the axis at a point 4 cm (13^) 
from the apex. The other plane which makes an angle of 45° with 
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m H.P., also intersects the axis at the same point. Draw the 
elevation, sectional plan and development of the ini 
part of the pyramid (fg. | x . of the surface of the remaining 


Draw lines V.T. and V'T' for the two section planes. 


The plan will show the true shape of the horizontal section, 
the sides of which are parallel to the respective sides of the 


base. 
on l'T" as the ground line or around a d. 
Draw the development with o'a' or o'd' as radius and 
locate the points on it, as shown in the figure. 
SECTIONS OF CYLINDERS: 
(a) Section plane parallel to the base. 


When a cylinder is cut by a section plane parallel to 
the base, the true shape of the section is a circle of the same 


| 

| 

The true shape of the other section may be obtained 
| 

| diameter. 

| 

| 

| 
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(b) Section plane parallel to the axis. | | zd 
When a cylinder is cut by a section plane paries О xe 
the axis, the true shape of the section is a rectangle, the sides Es 
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of which are respectively equal to the length of the axis and 
the length of the section plane within. the cylinder (fig. 
16-18). When the section plane contains “the axis, the 
rectangle will be of the maximum size. 


(c) Section plane inclined to the base. 


Problem 17: 


A cylinder of 5 cm (2") diameter, 7 cm (2%") height and 
having its base in the H.P., is cut by a section plane, perpendicular 
to the V.P., inclined at 45° to the H.P. and interseciing the axis 
4 cm (1%") above the H.P. Draw its elevation, seciional plan, 
sectional end view and true shape of the section (fig. 16-19). 





Fic. 16-19 


As the cylinder has no edges, a number of lines represent- 
ing the generators may be assumed on its curved surface by 
dividing the base-circle into, say 12 equal parts. Name 
the points at which these lines are cut by the V.T. In plan, 
these points lie on the circle and hence, the same circle 
is the plan of the section. The width of section at any point, 
say ¢’, will be equal to the length of the chord cc in the plan. 
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The true shape of the section ma 
y be drawn 
the centre line 4,8; drawn parallel to У.Т. as mew 
an ellipse, the major axis of which is equal to the length of 


the section plane, viz. a'g’, and the mi 
E s › е minor axis 
diameter of the cylinder. пз equal to the 


Project the end elevation as shown. The section will 
be seen as a circle because the section plane makes 45? 


: anple 
WI th x ә ә ~ B 


ADDITIONAL PROBLEMS ON SECTIONS OF CYLINDERS: 


Problem 18: 


А cylinder, 5 cm (2") diameter and 6:5 ст (23") long, is 
vesting on its base in the Н.Р. It is cut by a section plane perpendicu- 
lar to the V.P., the V.T. of which cuts the axis at a point 4 cm 
(1$^) from the base and makes an angle of 45° with the Н.Р. 
Draw iis elevation, sectional plan and another plan on an A.T.P., 
parallel to the section plane (fig. 16-20). 
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In this casc, the top end of the cylinder is also Cut. 
Hence, the true shape of the section is a part of an ellipse, 
? = . 
as shown in the auxiliary plan. 


Problem. 19: 


1 cylinder, 5 cm (2") diameter and 6-5 ст (24") long, is lying 
in йе HP. with its ea parallel to both the H.P. and ihe V.P. 
It is cut by a vertical section plane inclined at 30 10 the V.P., so that 
the axis is cut ata point 2-5 cm (1") from one oj its ends and both 
the bases of the cylinder are partly cut. Draw its sectional elevation 
and true shape of the section (fig. 16-21). 


Z, 





U 
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Draw the projections of the cylinder and a line H.T. 
for the section plane. Project the points at which the bases and 
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thc lines are cut. The points on the bases cannot be projected 
directly. Therefore, project them (i) to the first plan, i.e. 
a to a, and e to ел, (ii) then to the first elevation, i.c. a, to a,’ 
and e, to е’ and (iii) finally, transfer them to the second 
elevation to а’ and e’ each, at two places as shown. 


Draw the true shape of the section either on a new ground 
line or symmetrically around the centre linc and making aa 
equal to a'a', сс equal to c'c' etc. 
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Fic. 16-22 
Problem 20: | 


A hollow cylinder, 6:5 cm (237) diameter, axis 9 cm (3% *) 


he axis 
long and thickness I cm ($7); resting in the H.P. with t 
ie at 30° to the vertical, is cul in two equal haloes by а horizon- 
tal ‘section plane. Draw its sectional plan (fig. 16-22). 
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The figure is self-explanatory. 
Note that a part of the ellipse for the inside bottom 
will also be visible. 


SECTIONS OF CONES: 
(a) Section plane parallel to the base. 


The cone resting in the Н.Р. on its base (fig. 16-23) 
is cut by a section plane parallel to the base. Тһе true 
shape of the section is shown by the circle in the plan, 
whose diameter is equal to the length of the section viz. a’a’, 
The width of the section at any point, say і’, is equal to the 
length of the chord 60. 


Problem 21: 


To locate the position in plan of any given point c' in the eleva- 
tion of ihe; above cone (fig. 16-23). 





Fic. 16-23 


Through с, draw a line e’e’ parallel to the base. With 
0 as centre and diameter equal to e’e’, draw a circle in the 
plan. Project c’ to points c and c, on this circle. c is the plan 
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of c'. су is the plan of another point on the back side of the 

\ cone and coinciding with c'. The chord cc, shows the width 
of the horizontal section of the cone. at the point c’. This 
method may be called circle method. 

When the position of a point in the plan say c is given, 
its elevation c' can be determined by reversing the above 
process. With centre o and radius oc, draw a circle cutting 
the horizontal centre line at e. Through e, draw a projector 
cutting the slant side o'l’ or o'7' at е. Draw the line e’e’ 
parallel to the base, intersecting a projector through ¢ at 
the required point с. 


(b) Section plane passing through the apex. 
Problem 22: 


A cone, diameter of base 5 cm (2") and axis 6-5 cm (23^) long is 
resting on its base in the Н.Р. Itis cut by a section plane perpendicular 
io the V.P., inclined at 75° to the Н.Р. and passing through the 
apex. Draw its elevation, sectional plan and true shape of the section 
(fig. 16-24). 





Fic. 16-24 | 
Draw the elevation and plan of the cone and show on 
it, the line V.T. for the section plane. 
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Mark a number of points 1’, 2’ etc. on the V.T. and 
project them to points 1,2 etc. in the plan by the circle method, / 
It will be found that these points lie on a straight line through 
о. Thus, o4 is the plan of the line or generator 0'4' and triangle 
044 is the plan of the section.: The width of the section at 
any point p’ on the section is the line pp, obtained by pro- 
jecting p’ on the triangle. This method is called generator 
method. 


Project the true shape of the section. it is an isosceles 
triangle, the base of which is equal to the length of the chord 
on the base-circle and the altitude is equal to the length 
of the section plane within the conc. 


Problem 23: 


To determine by generator method, the position in the plan, of 
a given point c' in the elevation of the above cone (fig. 16-24). 


Join o’c’ and produce it to cut the base at b’. Project 
b' to points b and 4, on the base-circle in the plan. Draw lines 
ob and ob,. ‘Thus, ob is the plan of the generator 0’b’, and ob, 
that of the generator (at the back) which coincides with o')'. 
Project c' to c and c, on ob and ob, respectively. Thus, c is 
the plan of c', and c, is the plan of another point on the other 
side of the cone and coinciding with c'. The line cc, is the 
width of the horizontal section of the cone at c’. 


The position in elevation, of any given point in the plan, 
зау` с, may be determined by reversing the above method. 
Join ос and produce it to cut the base-circle at b. Project 
b to ф' on the base in elevation. Join o'5'. Through c, draw 
a projector to cut o'b' at the required point c’. 


Sectional views of cones may be obtained by. applying 
any one of the above two methods for locating the positions 
of points, The generator method is more suitable particu- 
larly when the cone is in inclined positions. 


(c) Section plane inclined to the base at an angle ^ . 
smaller than the angle of inclination of the generators 1 
with the base. | Ч 
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Problem 24: 


A cone, diameter of base 6:5 cm (24"), and axis 7-5 cm (3") long 
is resting on its base in the H.P. Itis cut by a section plane perpendi- 
cular to the V.P., inclined at 45° to the Н.Р. and cutting the axis 
at a point 3:5 cm (I2") from the apex. Draw its elevation, 
sectional plan, sectional end view and the irue shape of the section. 


Draw a line V.T. in the required position, in the eleva- 
tion of the cone. The positions of points on this line and the 
width of section at each point can be determined by one of 
the two methods explained in problems 21 and 23 and as 
shown below. 


(1) Generator method (fig. 16-25): 





S 


Divide the base-circle into a number of equal parts, say 
]2. Draw lines (i.e. generators) joining these points with 0 
and project them on the line representing the base in the 
elevation. Draw lines joining 0'2', 0'3' etc. cutting the line 
for section at points b’, c’ etc. Project these points оп the 
corresponding lines in the plan. For example, point b on 
9’2', also represents point 5,’ on 0-12 which coincides wi i 
o'9'. Therefore, project b’ to b on 02 and to bi ой 12. 
and b, are the points on the section (in the plan). Si 
Obtain other points. Point d' cannot be projected. directly. 


Fic. 16-25 


Hence, the same method as in case of pyramids should е BO 
employed to determine the positions d and 4), as shown. in 





a 
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addition to these, two more points for the maximum width 
of the section at its centre should also be obtained. Mark 
p’, the mid-point of the section and obtain the points p and p}. 
Draw a smooth curve through these points. 


The true shape of the section may be obtained on the 
V.T. as a new ground line or symmetrically around the centre 
line ag, drawn parallel to the V.T. as shown. it is an ellipse 
whose major axis is equal to the length of the section and 


minor axis equal to the width of the section at its centre. 


Draw the sectional end elevation by projecting the 
points on corresponding generators, as shown. 


/(2) Circle method (fig. 16-26): 
2 | i 





Fic. 16-26 
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` Divide the line of section into a number of equal parts. 
Determine the width of section at, and the position of, each 
division-point in the plan by the circle method. For example, 
through c', draw a line c"c" parallel to the base. With o as 
centre and radius equal to half of с"с", draw an arc. Project 
c' to c and c, on this arc; then с and с, are the required 
ooinis. The straight line joining с and c, will be the width 
of the section at c'. Similarly, obtain all other points and 
draw a smooth curve through them. This curve will show 
the apparent section. The maximum width of the section will 
be at the mid-point e’. It is shown in the plan by the length 
of the chord joining e and е,. 


Draw a ground line хуу, parallel to ће V.T. and project 
the true shape of the section. In the figure, the auxiliary 
plan of the truncated cone is shown. It shows the true shape 
of the section. 

The sectional end elevation may be obtained by projec- 
ting all the division-points horizontally and then marking 
the width of the section at each point, symmetrically around 
the axis of the cone. 


(d) Section plane parallel to a generator. 


Problem 25: V 


The cone in same position as in problem 24, is cut by a section 
plane perpendicular to the V.P. and parallel to and 1-2 cm (3^) away 
from one of its end generators. Draw its elevation, sectional plan and 
true shape of the section (fig. 16-27). 

Draw a line V.T. (for the section plane) parallel to and 
1:9 cm ($”) away from the generator o'l’. Draw the twelve 
generators in the plan and project them to the elevation. АП 
the generators except o'l’, o'2 and 0'-19' are cut by the section 
plane. Project the points at which they are cut, to the corres- 
ponding generators in the plan. The. width of the section 
at the point where the basc is cut will be the chord aa,. Draw 
a curve through a..f..a,. The figure enclosed between aa, 
and the curve is the apparent section. | 

Obtain the true shape of the section as explained' in the 
previous problem. It will be a parabola. 
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Fic. 16-27 : 
(e) Section plane inclined to the base at an angle 
greater than the angle of inclination of the generators 
with the base. А 2 





Fic. 16-28 

Problem 26: 
The cone in same position as in problem 24, is cut by a section 
plane, perpendicular to both the H.P. and the V.P. and 1 cm (&) 


away from the axis. Draw its elevation, plan and sectional end 


elevation (fig. 16-28). 
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The section will be seen as a line, perpendicular to ху, 
in both the elevation and the plan. The end clevation will 
show the true shape of the section. The width of the section 


at any point, say c', will be equal to cc, obtained by the 
circle method. 


Draw the end elevation of the cone. Project the points 

(on the section) in the end view taking the widths from the 

plan. For example, through c' draw a horizontal line. Mark 

on it points c" and c," equidistant from and on both sides of 
"m. m 


the axis so that c"c," = сс. Draw a curve through the points 
thus obtained. It will be a hyperbola. 


ADDITIONAL PROBLEMS ON SECTIONS OF CONES: 
Problem 27: 


A cone, diameter of base 5 cm (2") and axis 6:5 cm (23°) long, 
is lying in the H.P. on one of its generators with the axis parallel to 
the V.P. It is cut by a horizontal section plane 1-2 cm (1^) above the 
H.P. Draw its elevation, sectional plan and development of its surface 
(fig. 16-29). 





Fic. 16-29 
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Use generator method and project the points in the plan. 
The curve will show the true shapc of the section (viz. a 


parabola). 


For development, the true lengths of the cut-gencrators 
are obtained by drawing lines parallel to the base. Positions 
of points a and a, аге determined by projecting them on the 
base-circle in the first plan. 


Problem 28: 


а CLR 
A cone, base 6:5 cm (25") diameler, axis 7-5 ст (3") long and 


resting on its base in the H.P., 


is cut by a vertical section plane, the 


H:T. of which makes an angle of 60° with the ground line aad is 
1-2 cm (3") from the plan of the axis. Draw the sectional elevation, 
true shape of the section and development of the surface of the sectioned 


cone (fig. 16-30). 





7 
WA yj 
| TMS 


Fic. 16-30 


Draw a circle with centre o and radius equal to 1:2 cm 
(1^. Draw a line for the section plane, tangent to this circle 
and inclined at 60° to xy. 
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Project the elevation by the generator method as shown. 
Note how the point b’ is obtained in the clevation. Draw 


the true shape of the section and the development as already 
explained. 


Problem 29: 


“A cone, base 6:5 cm (24") diameter and axis 7-5 cm (3") long 
is lying in the Н.Р. оп one of its generators with the axis parallel to 
the V.P. A vertical section plane parallel to the generator which is 
tangent to the ellipse (for the base) in the plan, cuts the cone bisecting 
ihe axis and removing a portion containing the apex. Draw its 
sectional elevation and true shape of the section (fig. 16-31). 


o' 





Fic. 16-31 | 
Name in correct sequence the points at which P pes 
and the generators are cut and project them in the elevation. 
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Project the true shape of the section on a ground line parallel 
to the H.T. | 


Problem 30: i 


A cone, base 7 cm (2}") diameter and axis 10 cm (4") long, 
is resting in the H.P. on its base. It is cut by a section plane, per- 
pendicular to the V.P., inclined at 45° to the П.Р. and intersecting 
the axis 3-5 cm (12") above the base. Draw its plan when it is 
lying in the H.P. on its cut-surface, with the axis parallel io the V.P. 
(fig. 16-32). 








хе X (d 





- 


Fic. 16-32 


; The auxiliary plan is drawn on the line У.Т. of the sec- 
tion plane as a new ground line. The cone is thus lying on 
its cut-face in the auxiliary planc. 


SECTIONS OF SPHERES: 


When a sphere is cut by a plane, the true shape of the 
section 15 always a circle. 
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The sphere in fig. 16-33 is cut by a horizontal scction 
plane. The true shape of the section (seen in plan) is a 
circle of diameter a'a’. The width of the section at any 
point, say b’, is equal to the length of the chord bb. 


When the sphere is cut by a section plane parallel to the 
V.P. (fig. 16-34), the true shape of the section, seen in cleva- 
tion, is a circle of diameter cc. The width of section at anv 
point d is equal to the length of the chord d'd’. 





First-angle Third-angle First-angle Third-angle 
projection projection projection. projection 
Fic. 16-33 Fic. 16-34 


Problem 31: 

A sphere of 5 cm (2") diameter, is cut by a section plane 
perpendicular to the V.P., inclined at 45° to the H.P. and at a dis- 
tance of 1 cm (0-4") from ils centre. Draw the sectional plan 
and true shape of the section [fig. 16-35(2)]. 

Draw a line (for the section plane) inclined at 45° to xy 
and tangent to a circle of 1 cm (0-4") radius drawn with 
o' as centre. Mark a number of points on this line. 

Method 1: Find the width of section at each point in 
the plan as shown in fig. 16-33. For example, the chord cc 
is the width of section at a point с. Draw a curve through 
the points thus obtained. It will be an cllipsc. : The true 
shape of the section will be a circle of diameter @ 5. 


Method П: We know that the true shape of the section . 
is a circle of diameter equal to a g'. The width of section at any 
point say с is equal to the chord сусу on this circle. Therefore, 


\ 


by oN (a М ; 


oe 
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project c' to points c in the plan so that сс = сусу. Similarly, 
obtain other points and draw the ellipse through them. 

Fig. 16-35(ü) shows in third-angle projection, the 
sectional elevation and true shape of the scction when the 
section plane is vertical and inclined to the V.P. 





Fic. 16-35 


TYPICAL PROBLEMS: 
Problem 32: 


d A cylinder, base 5 cm (2") diameter and axis 7-5 ст (3") 
long, has a square hole of 2-5 cm (1") side cul through it so that 
the axis of the hole coincides with that of the cylinder. The cylinder 
is lying, оп the ground with the axis perpendicular to the V.P. and the 
Jaces of the hole equally inclined to the H.P. A vertical section 
plane, inclined at 60° to the V.P. cuts the cylinder in two equal halves. 


Project the elevation of the cylinder on an A.V.P. parallel to the 
section plane (fig. 16-36). 


| Assuming the cylinder to be whole, draw its auxiliary 
clevation. Project the points at which the generators cf the 
cylinder and the edges of the hole are cut. The section of 
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the cylinder will be a part of an ellipse. Join the points at 
which the edges of the hole are cut. The lines for the back 
edges of the hole will be visible within the section and hence, 
must be shown as full lines. Complete the view by showing 
the section and the remaining portion of the cylinder with 
dark lines. 
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Third-angle projection 
Fic. 16-36 

Problem 33: | 

A solid composed of a half-cone and a half hexagonal pyramid 
is shown in fig. 16-37. It is cut by a section plane, whose V.T. 
makes an angle of 30° wiih xy and whose H.T. ts perpendicular 19 
xy and coincides with an edge of the base. Draw its sectional plan, 
true shape of the section and development of the surface of the remaining 


portion. 
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Draw a line H.T. coinciding with the vertical edge of 
the base in the plan. From the point of its intersection with 
ху, draw a line V.T. inclined at 30° to xy. 


Project the sectional plan. Note how points b and b, 
are obtained. The true shape of the section will be partly 
elliptical. 
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Fic. 16-37 


Draw the development of the half-cone and half-pyramid 
and show the lines for the section in it. 


Problem 34: | 


The projections of a hemisphere 4 cm (13") diameter, placed 
centrally on the top of a frustum of a hexagonal pyramid, base 2:5 
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ст (1^) side, top 1-6 cm (^) side and axis 4 cm (15") long are 

sar 00 Ше Ae) elevation when the vertical section plane 
„1. inclined at 45? to the V.P. and 1 cm (3" the axi 

cuis them (fig. 16-38). LL. d 
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Fic. 16-38 


The widths of the section of the sphere at various points 
are obtained from the semi-circle drawn in the plan. 


EXERCISES XVI 


(1) A cube of 5 cm (2") edge is resting in the H.P. with a 
vertical face inclined at 30? to the V.P. Itis cut by a section plane, 
perpendicular to the V.P., inclined at 30? to the H.P. and passing 
through a point on the axis, 4 cm (13") above the H.P. Draw 
the sectional plan, true shape of the section and the development 
of the surface of the remaining portion of the cube. 


^ ` e . Pa »-5 4. £z $37 
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(2) A hexagonal prism, side of base 3-5 cm (1$) and height 
7-5 cm (3") is resting on опе of its corners in the H.P., with a lon- 
ger edge containing that corner inclined at 60^ to the H.P. and 
a rectangular face parallel to the V.P. A horizontal section plane 
cuts the prism in two equal halves. (i) Draw the elevation and 
sectional plan of the cut prism. (ii) Draw another plan on an 
auxiliary inclined plane which makes an angle of 45° with the Н.Р. 


(3) A pentagonal prism, side of base 5 cm (2") and length 
10 cm (4^, has a rectangular face in the H.P. and the axis 
parallel to the V.P. It is cut by a vertical section planc, the Н.Т. 
of which makes an angle of 30° with xy and bisects the axis. Draw 
the sectional clevation, plan and true shape of the section. Develop 
the surface of the remaining half of the prism. 


(4) A hollow square prism, base 5 cm (2") side (outside), 
length 7-5 cm (3”) and thickness 1 cm (i7) is lying in the H.P. 
on one of its rectangular faces, with the axis inclined at 30° to the 
V.P. A section plane, parallel to the V.P. cuts the prism," inter- 
secting the axis at a point 2-5 cm (1") from onc of its ends. Draw 
the plan and sectional elevation of the prism. 


(5) A cylinder, 6:5 cm (25") diameter and 9 cm (31^) 
long, is lying in the Н.Р. with the axis parallel to the H.P. and 
inclined at 30? to the V.P. It is cut by a vertical section planc in 
such a way that the true shape of the section is an. ellipse having 
the major axis 7-5 cm (3”) long. Draw its sectional clevation and 
true shape of the section. 


(6) A cube of 6:5 cm (21") edge is resting in the H.P. with 
its vertical faces equally inclined to the V.P. It is cut by a section 
plane, perpendicular to the V.P., so that the true shape of the 
section is a regular hexagon. Determine the inclination of the 
cutüng plane with the H.P. and draw the sectional plan and true 
shape of the section. 


(7) A vertical hollow cylinder, outside diamcter 6:5 cm 
(21"), length 9 cm (31") and thickness 1 cm ($"), is cut by 
two section planes which are normal to the V.P. and which 
intersect each other at the top end of the axis. The planes cut 
the cylinder. on opposite sides of the axis and are inclined at 30° 
and 45° respectively to it. Draw the elevation, sectional plan 
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and auxiliary sectional plans on planes parallel to the respective 
section planes. 


(8) A square pyramid, base 5 cm (2”) side and axis 7-5 cm 
(3") long, is resting in the H.P. on one of its triangular faces, 
the plan of the axis making an angle of 30° with the V.P. It is 
cut by a horizontal section plane, the V.T. of which intersects 
the axis at a point 0-6 cm (1") from the base. Draw the elevation, 
sectional plan and the development of the sectioned pyramid. 


(9) A pentagonal pyramid, base 3 cm (1}") side and axis 
7:5 cm (3^) long, has its base in the Н.Р. and an edge of the base 
parallel to the V.P. It is cut by a section plane, perpendicular 
to the V.P., inclined at 60^ to the H.P. and bisecting the axis. 
Draw the elevation and plan when the pyramid is tilted so that it 
lies on its cut-face in the H.P. with the axis parallel to the V.P. 
Show the shape of the section by dotted lines. Develop the surface 
of the truncated pyramid. 


(10) A tetrahedron of 6-5 cm (21) edge is lying in the H.P. 
on one of its faces, with an edge perpendicular to the V.P. It is 
cut by a section plane which is perpendicular to the V.P. so that 
the true shape of the section is an isosceles triangle of base 5 cm 
(2" long and altitude 4 cm (11"). Find the inclination of 
the section plane with the H.P. and draw the elevation, sectional 
plan and the true shape of the section. 


(11) A hexagonal pyramid, base 5 cm (2") side and axis 


10 cm (4") long, is lying in the H.P. on опе of its triangular - 


faces with the axis parallel to the V.P. А vertical section plane, 
the H.T. of which makes an angle of 30* with the ground line, 
passes through the centre of the base, and cuts the pyramid, the 
etained. Draw the plan; sectional elevation, true 


арас R elopment of the surface of the 


shape of the section and the dev 
cut-pyramid. 


(12) A cone, base 7-5 cm (3") diameter and axis 7-5 cm (3") 
long, has its axis parallel to the V.P. and inclined at 45 m E 
H.P. A horizontal section planc cuts the cone through the m - 
point of the axis. Draw the elevation; sectional plan and an 


auxiliary plan on a plane parallel to the axis. 
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(13) А cone, base 6:5 cm (23") diameter and axis 7-5 cm 
(3") long, is lying on one of its generators in the H.P. with the 
axis parallel to the V.P. А section plane which is parallel to the 
V.P. cuts the cone 0:6 cm (1") away from the axis. Draw the 
sectional elevation and development of the surface of the remaining 
portion of the cone. 


(14) The cone in problem 13 is cut by a horizontal plane 
passing through the centre of the base. Draw the sectional plan 
and another plan on an auxiliary plane parallel to the axis of the 
cone. 


(15) А hemisphere of 6:5 cm (21°) diameter, lying in the 
H.P. on its flat face, is cut by a vertical section plane inclined to 
the V.P. so that the semi-ellipse seen in the elevation has its minor 
axis 4-5 cm (12^) long and half major axis 2:5 cm (1") long. 
Draw the plan, sectional elevation and true shape of the section. 


(16) "The plan ofa cylinder 7-5 cm (3") diameter, 12-5 cm (5") 
long, placed on top of the frustum of а cone, base 10 cm (4") 
diameter, top 5 cm (2") diameter and axis 12-5 cm (5") long is 
shown in fig. 16-39. Both the solids are cut by a vertical section 
plane, the H.T. of which is 1-2 cm (1") from the axis of the frustum 
and makes 30° angle with xy. Draw the sectional elevation 
and true shape of the sections. 





Fic. 16-39 


(17) А sphere of 7-5 cm (3") diameter resting in the H.P. 
is cut by a section plane, perpendicular to the V.P. and inclined 
at 30° to the Н.Р. in such a way that the true shape of the section 
is a circle of 5 cm (2") diameter. Draw its elevation, sectional 
plan and sectional end elevation. 


(18) А frustum of a cone, base 7-5 cm (3”) diameter, top 
9 cm (2) diameter and axis 7-5 cm (3") long, has a hole of 3 cm 
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(12^) diameter drilled centrally through its flat faces. It is resting 
on its base on the H.P. and is cut by a section plane, the V.T. 
of which makes an angle of 60° with xy and bisects the axis. Draw 
its sectional plan and an auxiliary plan on’ a ground line parallel 
to the V.T., showing clearly the shape of the section. | 


(19) А hexagonal prism, side of base 2-5 cm (1") and axis 
6:5 cm (21") long is resting on an edge of the base in the H.P., 
its axis being inclined at 60^ to the H.P. and parallel to the V.P. 
A sectional plane, inclined at 45° to the V.P. and normal to the 
H.P., cuts the prism and passes through a point on the axis at a 
distance of 2 cm (#") from the top end of the axis. Draw its 
sectional elevation and true shape of the section. 


(20) A pentagonal pyramid, edge of base 2-5 cm (1") and 
height 5 cm (2") is resting on a corner of its base in such a way 
that the slant edge containing that corner makes an angle of 60° 
with the H.P. and is parallel to the V.P. It is cut by a section 
plane making an angle of 30° with the V.P., perpendicular to the 
H.P. and passing through a point on the axis at a distance, of 
0-6 cm (1") from its base. Draw its sectional elevation and true 
shape of the section. 


(21) The distance between the opposite parallel faces of 
a 5 cm (2") thick hexagonal block is 7:5 cm (3^). The block is 
resting on one of its rectangular faces in the H.P. with its axis 
making an angle of 30° with the V.P. It is cut by a section plane 
making an angle of 30* with the H.P., normal to the V.P. and 
bisecting the axis. Draw its sectional plan and another plan on 


a plane parallel to the section. 


(22) РОВ is an isosceles triangle having base PR horizontal 
and 5 cm (2") long, and altitude 5 cm (2"). A point 4 is taken 
on PR at a distance of 1-5 cm (§") from P and a straight line АВ 
is drawn parallel to PQ, cutting QR at B. If AB is regarded. as 
the V.T. of an inclined plane perpendicular to the V.P., cutting 
a cone of which PQR is the elevation, draw the sectional plan: 
sectional end view and true shape of the section. 
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CHAPTER XVI 


INTERSECTION OF SURFACES 


In this chapter, we shall learn about the intersection of 
surfaces. "These intersecting surfaces may be two plane sur- 
faces or two curved surfaces of solids. (The lateral surface 
of every solid taken as a whole is a curved surface. This 
surface may be made of only curved surface as in case of 
cylinders cones etc. or of plane surfaces as in casc of prisms, 
pyramids etc.). In the former case, the problem 1s said to be 
on the intersection of surfaces and in the latter casc, it is 
commonly known as the problem on interpenetration of solids. 
It may, however, be noted that when two solids meet or join 
or interpenetrate, it is the curved surfaces of the two that 
intersect each other. The latter problem also is, thercfore, 
on the intersection of surfaces. 


Line of intersection: 


In engineering practice, objects constructed may have 
constituent parts, the surfaces of which intersect one another 
in lines which are called lines of intersection. A dome fitted 
on a boiler is one such example. The surface of the dome 
extends upto the line of intersection only. For accurate 
development of the surface of the dome, this line of intersection 
must be accurately located and shown in two orthographic 
views. The shape of the hole to be cut in the boiler-shell is 


also determined from the shape of the same line of intersection. 


Thus, the line of intersection of the two surfaces is a line 
common to both. It is composed of points at which the lines 
of one surface intersect those on the other surface. The line 
of intersection may be straight or curved, depending upon 
the nature of intersecting surfaces. Two plane surfaces 
(c.g. faces of prisms and pyramids) intersect in a straight line. 
The line of intersection between two curved surfaces (e.g. of 
cylinders and cones) or between a plane surface and a curved 
surface is a curve. з 
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When a solid completely penctrates another solid, there 
will be two lines of intersection. These lines are, sometimes, 
called the lines or curves of interpenetration. The portion of the 
penetrating solid which lies hidden within the other solid i 
shown by dotted lines. | 





METHODS OF DETERMINING THE LINE OF INTERSECTION 
BETWEEN SURFACES .OF TWO INTERPENETRATING SOLIDS: 


(1) Line method: А number of lines are drawn on 
the lateral surface of one of the solids and in the region of 
the line of intersection. Points of intersection of these lines 
with the surface of the other solid are then located. These 
points will obviously lie on the required line of intersection. 
They are more easily located from the view in which the 
lateral surface of the second solid appears edge-wise (i.e. as 
a line). The curve drawn through these points will be the 
line of intersection. 
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(2) Cutting-plane method: ‘The two solids are assumed 
to be cut by a series of cutting planes. The cutting planes 
may be vertical (i.e. perpendicular to the H.P.), edge-wise 
(ie. perpendicular to the V.P.) or oblique. The .cutting 
planes are so selected as to cut the surface of one of the 
solids in straight lines and that of the other in straight lines 
or circles. 
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ыы У Ү ЫШ 


етт талана ЫГЫ 


Each method is explained in detail while solving illustra- 
tive problems. Sound knowledge of projections of solids in 
various positions is quite essential while dealing with these 


problems. 
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‚ "Intersection of two prisms: 
AS 


Prisms have plane surfaces as their faces. The line of 
intersection between two plane surfaces is obtained by locating 
the positions of points at which the edges of one surface inter- 
sect the other surface and then joining the points by a straight 
line. These points are called vertices (plural of vertex). The 
line of intersection between two prisms 1s therefore a closes 
figure composed of a number of such lines meeting at t he 
vertices, It is determined by locaung the points at w 
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edges of one prism intersect edges or faces of the other prism 
and then joining them in correct sequence. 


Problem 1 (fig. 17-1): 


. A prism, base 5 cm (2") side, resting vertically in the H.P. 
is completely penetrated by a horizontal square prism, base 4 cm (11^) 
side, so that their axes intersect. The faces of the two prisms are 
equally inclined to the V.P. Draw the projections of the solids, 
showing lines of intersection. | 





Fic. 17-1 


Draw the projections of the prism in the required posi- 
tion. 


The faces of the vertical prism are seen as lines in the 
plan. Hence, let us first locate the points of intersection 1n 
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that view. -— Lines 1-1 and 3-3 intersect the edge of the verti- 
cal prism in points f, and f, (coinciding with a). Lines 
2-2 and 4-4 intersect the faces at f, and f, respectively. The 
exact positions of these points along the length of the prism 
may now be determined by projecting them on correspon- 
ding lines in the elevation. For example, f, is projected to 
ро on the line 22". Note that р, coincides with p’. Draw 
lines рур and pap. Lines p,p, and $45, coincide with 
the front lines. These lines show the line of intersection. 
Lines 4,4 and qq,’ on the other side are obtained in a 
similar manner. Note that the lines for the hidden portion 
of the edges are shown dotted. The portions рўз and q,'qs 
of vertical edges a'a' and с'с' do not exist and hence, must 
be removed or kept fainter. 


Problem 2 (fig. 17-2): 


A square prism, base 5 cm (2") side and height 9 ст (31^) 
is standing vertically in the Н.Р. with a face inclined at 30° to the 
V.P. It is completely penetrated by another square prism, base 4 cm 
(13") side and axis 10 cm (4") long, faces of which are equally 
inclined to the V.P. The axes of the two prisms are parallel to the 


sV.P. and bisect each other at right angles. Draw the elevation and 


plan showing curves of intersection. 


Points p,’....f4 at which edges of the horizontal prism 
intersect faces of the vertical prism may be located from the 
plan. In addition to these points, it will be necessary to 
find points at which edges of the vertical prism are cut. They 
will be the points at which these edges intersect the faces of 
the horizontal prism. For this purpose, draw the end ele- 
vation. In this view, all faces of the horizontal prism are 


seen as lines. Mark points e and f at which the line a^a^ 


intersects the faces. Project these two points to e and f° 
on the line a’a’ in the elevation. Join all the points of inter- 
section in correct sequence, Care must be taken to deter- 
mine visible and hidden lines. Only two lines viz. biba 
and pap are visible. Locate points (on the other side) at 
which the edges come out and also the two points g and h 
at which the edge c'c' is cut. Draw lines joirfing these points 
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in correct order. In this case, lines gpg’ and ggh’ only are 
visible. 





Fic. 17-2 


A square pipe having a similar branch of smaller size 
is shown in fig. 17-3(2). The axis of the main pipe is verti- 
cal and is intersected by that of the branch at an angle of 
45°. АП the faces of both the pipes are equally inclined 
to the V.P. The line of intersection between the two pipes 
is obtained in the same manner as shown in problem 1 
As the axes are intersecting, the edge a'a’ is cut by the two 
edges of the branch at points p,’ and фу. The other two 
edges of the branch enter the faces of the main pipe at points 
bg and py’. | 
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] Developments of the surface of the two pipes a / 

in fig. 17-5(й). Heights of all the points boe CORTE 
are obtained from the elevation, e.g. P,4— руа, РІ = f'l' 
etc. The exact position of point P, is located from. the ibm 
by making AE = ap, and then erecting a perpendicular at 
E. The point P, is similarly located. | 





^ 
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Problem 3 (fig. 17-4): 


A vertical square prism, base 5 cm (2") side, is intersected by 
another square prism, base 4 cm (157) side, the axis of which ts 
parallel to the V.P. and inclined at 30° to the H.P. The axes of 
the two prisms are 0-6 cm (1") apart and their faces are equally 
inclined to the V.P. Draw the projections showing ihe line of 
intersection. 


Obtain points of intersection of the edges of the inclined 
prism from the plan. For the points at which the саре 
n'a’ of the vertical prism is cut, it will be necessary to project 
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- a view in which faces of the inclined prism will be seen as 
lines. Therefore, project an auxiliary plan on a ground line 
x, Jı drawn perpendicular to the axis of the inclined prism. 
Mark points e and f at which aa" is pierced by the faces and 
project them to points e’ and f" on the corresponding line 
а'а! in the elevation. Draw straight lines joining the six 
points in correct sequence. 





Fic. 17-4 Ё 


~ Intersectoin of two cylinders: 


As cylinders have their lateral surfaces curved, the line 
of intersection between them will also be curved. Points 
on this line may be located by any one of the two methods. 
For plotting an accurate curve, certain critical or key points, 
at which the curve changes direction, must also be located. 
These are the points at which outermost or extreme lines 
of each cylinder pierce the surface of the other cylinder. In 
prisms, vertices are the key points. 
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“Problem 4 (fig. 17-5): 

МЕЛЕ ТА cylinder of 7-5 ст (3") diameter, standing on its base in the 
H.P., is completely penetrated by another cylinder of 5:6 cm (22^) 
diameter, their axes bisecting each other at right angles. Draw their 
projections showing curves of penetration, assuming the axis of the 
penetrating cylinder to be parallel to the V.P. 





Fic. 17-5 


~ the plan and elevation of the cylinders. To mark 
Е m аар apart, on the surface of the horizontal 
cylinder, project an end elevation. Divide the circle yo 
twelve equal parts. Project the division-points in p ele- 
vation and draw lines through them. Project these na Y 
the plan and name them. Mistakes are often oim. 
in projecting and naming the lines from one view o Е е 
other; hence, these lines аге shown projected 5 evem emih 
Positions of these lines may also be obtained from 


circle drawn at an end of the cylinder. 
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(a) Line method: Mark points фу, f» etc. at which 
lines 1-1, 2-9 etc. intersect the circle (showing the surface of 
the vertical cylinder) in the plan and project them to p,’, pa 
etc. on corresponding lines 1'l', 2’2’ etc. in the elevation. 
Draw the required curves on both sides of the axis through 
points thus located. Hidden portions of the curves coin- 
cide with the visible portions. Points фу, py’, pz’ and pi 
are the key points where the curve changes direction. 





Fic. 17-6 


(b) Cutting-blane method: It will be seen that in this 
problem, there is practically no difference between the line 
method and the cutting-plane method. But the latter me- 
thod proves more useful in solving problems in which none 
of the projections shows a line-view of the surface of a solid. 


Assume a series of horizontal cutting planes passing 
through the lines on the horizontal cylinder and cutting both 
cylinders. Sections of the horizontal cylinder will be rect- 
angles, while those of the vertical cylinder will always be 
circles of the same diameter as its own, Points at which 
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sides of the rectangles intersect the circle will lie on the curve 
of intersection. For example, let a horizontal section plane 
pass through points 2 and 12 (fig. 17-6). In elevation, it 
will be seen as a line coinciding with the line 2/2". The 
section of the horizontal cylinder will be a rectangle of width 
w (i.e. the line 2-12). The section of the vertical cylinder 
will be a circle. Points f, and f, at which the sides (2-2 
and 12-12) of the rectangle cut the circle, lie on the curve. 
These points are first marked in the plan (fig. 17-5) and then 
projected to points p and f,,' on lines 2/2' and 12’-12’ in the 
elevation. Points on the other side of the vertical axis are 
located in the same manner. 


The problem may also be solved by assuming cutting 
planes to be vertical and parallel to both axes. They will 
be scen as lines in plan and end elevation. Sections of both 
cylinders will be rectangles and will be seen in their true 
sizes in the elevation. Points at which sides of sections of 
one cylinder intersect sides of corresponding sections of the 
other, will lie on the curve of intersection. 





When two cylinders are of equal diameters and when 
their axes intersect, curves of intersection are seen In the 
elevation as straight lines intersecting at right angles. 
Fig. 17-7 shows a pipe joining another pipe o£ the Ше 
size at right angles. Developments of the surfaces о | 
pipes are shown in the same figure. 
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v Problem 5 (fig. 17-8): 

A cylinder of 7-5 cm (3") diameter, resting on tis base in the 
H.P., is penetrated by another cylinder of 5 cm (2") diameter, the 
axis of which is parallel to both the H.P. and the V.P. The two 
axes are 1 ст (&") apart. Draw the plan and elevation showing 
curves of iniersection. 





a! 








5&7 
x Fic. 17-8 


Obtain the twelve points as in problem 4. Two morc 
key points at which the extreme line a'a’ of the vertical 
cylinder is cut, must be located. These are found from the 
end elevation. Mark, points e and f at which the line a'4" 
intersects the circle. Project these points to e’ and f' on 
the line аа. Draw the curve passing through all the points 
in correct sequence, showing the hidden portion by dotted 
lines. Plot a similar curve on the other side of the axis. 
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Problem 6 (fig. 17-9): 


A cylinder of 7-5 cm (3") diame : 

eter, restin | ] 
WES penetrated by another cylinder of the Eius E 
of bn DINGEN cylinder is parallel to both the H.P. and the VP. 
ай is I cm ($^) ашау from the axis of the vertical cylinder. Draw 
the projections showing curves of intersection. 
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As the cylinders are of the same size and their axes are 
apart, a portion of the surface of the penetrating cylinder 
will be outside the vertical cylinder. & 


Draw the three views and project points of intersection 
of lines which lie within the vertical cylinder. Locate key 
points e' and f ^ as shown in problem 5. In addition to these; - 
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mark two more key points g and A (in the end elevation) 
where the circle cuts extreme line 5"5" of the vertical cylinder. 
Project these points to g' and /' on the line b'b' in the eleva- 
tion. Draw a curve through all the points, showing the hid- 
den portion by dotted lines. Instead of two separate curves 
of intersection we have one continuous curve. Noite that 
there are twelve key points in this curve. 


Problem 7 (fig. 17-10): 


A cylinder of 7-5 cm (3") diameter, having iis axis vertical 
is penetrated by another cylinder of 5 cm (2") diameter. ‘The axis 
of the penetrating cylinder is parallel to the V.P. and bisects the 
axis of the vertical cylinder, making an angle of 60° with it. Draw 
the plan and elevation, showing curves of intersection. 





Fic. 17-10 
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Draw the projections of the cylinders in the required 
position and proceed to locate the points on curves of inter- 


section as shown in problem 4. The back and front curves 
will coincide with each other. 


Problem 8 (fig. 17-11): 


A vertical pipe of 7-6 cm (3") diameter has a branch of 3-8 cm 
(11") diameter. The axis of the branch is inclined at 45° to the 
ground and is 1-9 cm (3") away from the axis of the main pipe. 
Draw the elevation and plan of the pipes showing the curve of intersec- 
tion. Also, develop the surfaces of the two pipes, assuming any lengths. 





Fic. 17-11 


| j blem 4. As the dia- 
Apply the same method as ım pro 
meter ‘of the branch and thc distance between E ou = 
are respectively one-half and one-fourth of the diam 
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the main pipe, one extreme line of the branch (in the plan) 
will ‘be tangent to the circle. In the elevation, the visible 
part of the curve will extend upto the centre line of the main 
pipe, while the hidden part will just touch the line a'a*. 


Only a part of the development of the main pipe, just 
sufficient to show the shape of the hole in it, 15 shown in 
fig. 17-11(Z). Distances along the length of the stretch-out 
line are taken from the plan and positions of points are pro- 
jected from the elevation. 


In the development of the branch, the stretch-out line 
is divided into twelve equal parts and heights of points are ` 
taken from the elevation, e.g. 4P, = p, ctc. е 





7 10 I 4 7 
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Fig. 17-12 shows two equal pipes meeting at an angle 
of 45". The curve of intersection in the elevation is made 
-up of two straight lines meeting at right angles. Develop- 


ments of the surfaces of the pipes are also shown in the same 
figure. | | | 


\ 
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Intersection of cylinder and prism: 
Problem 9 (fip 17-13): KY 


A cylinder of 7-5 cm (3") diameter, resting on its base in the 
H.P., ts penetrated by a horizontal square prism, base 5 cm (2") 
side, the axis of which is parallel to the V.P. and 1:2 cm (%") 
away from the axis of the cylinder. А face of the prism makes an 


angle of 30° with the H.P. Draw their projections, showing curves 
of intersection. 





> Fic. 17-13 


| j j ir iti One longer 
the views in the: required position. 1 
ве prism will remain outside the onde. г е 
j j 1 intersection oi the € f! 
the key points viz. points of in scrion oed 
i ith the cylinder and those oi the C977 ! 1c 
P аде wit the surface of the prism, as shown in the figurc. 
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To obtain accurate shape of the curves project few 
more intermediate points also. These are omitted from the 
figure. Draw the required curve of intersection through | 
these points, taking precaution to show the hidden part by 
dotted lines. 


Problem 10 (fig. 17-14): 


А square prism, base 5 ст (2^) side, has its base in the H.P. 
and a face inclined at 30° to the V.P. It has a hole of 6:5 ст (23") 
diameter drilled through it. The centre line of the hole is parallel 
to both the H.P. and the V.P. and is 0-5 cm (ч) away from the 
axis of the prism. Draw the projections of the prism. 
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Draw the views and project all the key points as shown. 
‘Plot few intermediate points (between the key points) also. 
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Draw а curve joining the points in correct sequence. Аз it 
is a hole cut in the prism, the curve at the back will also 
be visible. Only a small portion of the curve will not be seen. 


Problem 1 (fig. 1 17-15): X 


A connecting rod, 5 cm (2") diameter, has a rectangular block 
6:5 cm (25^) wide and 2-5 cm (1") thick, forged at its end. The 
rod joins the block with a turned radius of 2 cm (2"). Draw the 
elevation and plan of the rod showing curve of intersection. 





Fic. 17-15 r Fic. 17-16 


The rod increases in diameter as it approaches the block. 
This forms what is called a fillet of 2 cm (2") radius. As 
the width of the block is not as large as the biggest diame 
of the rod, a curve of intersection 1s formed. Points on the 
curve are found as shown below. 


1 1 1 hrough а 

a horizontal cutting plane passing throug 
linc ied ae The section of the rod is a circle (see plan) 
which cuts the sides of the block at points b. Project these 


213 г? 
points to points b on the line aa. 
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on the curve. Obtain more points by assuming additional 
sections. The highest point on the curve will be on a line 
where the diameter of the section of the rod is equal to the 
width of the block. 


Fig. 17-16 shows the shape of the curve when the dia- 
meter of the rod is equal to the width of the block. In this 
case, the highest point on the curve is on a horizontal line 
through the centre of the arc for the fillet. 


Problem 12: 
5 
v Draw two views of the forked end of the connecting rod shown 
in fig. 17-17, showing the curve of intersection. 





Fic. 17-17 


__ In this case, a cylindrical rod meets a forked piece, the 
sides of which are flat surfaces, while the top and bottom 
surfaces ore cylindrical. 


Assume a series of section planes perpendicular to the 
axis of the rod. Points at which circles for the sections inter- 
sect the flat faces of the fork, lie on the curve. ‘Take a sec- 
tion plane say at a'a’. With centre о and radius equal to 
one-half of a'a’, draw arcs cutting the sides of the fork at 
points ф (in the end view). Project these points to points 
6’ on a'a'. Obtain other points in the same manner and 
draw the required curve through them. 
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Problem 13: 


Projections of a steel chimney of 1-2 m (4') diameter erected 
on а roof, are given in fig. 17-18(1). The axis of the chimney is 
at a distance of 0-3 m (1^) from the ridge. Project an end elevation 


showing the curve of intersection. Determine the real shape of the 
hole in the roof. 





(i) (ii) 
Fic. 17-18 


raw the given views and project the end elevation. 

To en int on the curve, draw lines on the ш of 

the chimney by dividing the circle (in plan) into twe е equa 
arts. „Project points at w ich these lines шеш ЕР 5 

а for the roof in the elevation, to POE ing icd 
the end view. Draw a curve through the points thus o ES 
The lower part of the curve will be hidden. p 
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The real shape of the hole in the roof is shown below 
the end view. Horizontal distances are taken from eleva- 
tion and widths are projected from the plan. 


Intersection of cone and cylinder: 


Problem 14: 
D 


А cone, diameter of base 7-5 cm (3") and axis 10 cm (4") 
long, resting on its base in the H.P. is completely penetrated by a 
cylinder of 4-5 cm (12") diameter. The axis of the cylinder is para- 
llel to the H.P. and the V.P. and intersects the axis of the cone at a 
point 2-8 cm (Il") above the base. Draw the projections of the 
solids showing curves of intersection. 


(a) Cutting-plane method (figs. 17-19 and 17-20): 
Draw lines dividing the surface of the cylinder into 
twelve equal parts. 
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Fic. 17-19 


Assume a horizontal cutting plane passing through say, 
point 2 (fig. 17-19). The section of the cylinder will be a 
rectangle of width w (i.e. the line 2-12), while that of the 
cone will be a circle of diameter ee. These two sections 
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intersect at points p and фуу. These sections are clearly indi- 
cated in the plan by the rectangle 2-2-12-12 and the circle of 
diameter ee (fig. 17-20). In the elevation, the cutting plane 
is scen as a line coinciding with 2'2'. Points f, and р» when 
projected on the line 2’2’ (with which the line 12’-12’ coin- 
cides) will give a point pẹ (with which фуу will coincide). 
Then p and фу; are the points on the curve of intersection. 


г 


0 


ај d- Eee 
В 
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Fic. 17-20 


j ircles with- 
obtain the points systematically, draw circ 
m and diameters dd, е, Í. f ctc. cutting lines pos 
1. 9 and 12, 3 and 11 etc. at points fy фә and bay bs ш n 
etc Project these points to the corer зве бк 

elevation. Two more key points at which the curve t 
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direction must also be located. Their positions are deter- 
mined from the end view. They are the points of nearest 
approach viz. m" and n" at which, lines drawn from the centre 
of the circle (i.c. the axis of the cylinder) and perpendicular 
to the extreme generators of the cone, cut the circle. Project 
‘these points to m’ and n’ in the elevation and to m and z in 
the plan on the corresponding lines. Draw curves through these 
points in both the views. The back curve in the elevation 
will coincide with the front curve. In the plan, a part of 
the curve will lie hidden and hence, it will be dotted. Draw 
similar curves on the right-hand side of the axis of the conc. 





Fic. 17-21 


(b) Line method (fig. 17-21): The surface of the cylin- 
der is seen as a circle in the end elevation. Hence, draw а 
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number of lines (representing generators of the cone) o"l", 
0 2 etc. in the region of the circle and symmetrical оп both 
sides of the axis. Points where these lines intersect the cir- 
cle, lic on the curve of intersection. To project them in the 
clevation and plan, first project the lines in both the views 
and then, locate the positions of these points on them. Let 
us take the line o"3" in the end view. Locate its position 
03 in the plan as shown and projcct its elevation o'3'. Pro- 


ject points a" and b” to points a’ and b’ on o'3' and from there, 
to а and b on 03. 


Project all points in a similar manner and draw the 
required curves through them. This method is-a type of 
cutting-plane method in which cutting planes pass through 
the apex and аге parallel to the axis of the cylinder. 





(2) , (zz) 
Fig. 17-22 


So. 17-22 shows-the development of a portion of the sur- 

facc ure cone showing the hole in it. In fig. 17-22(1), me 
sitions of points are taken from fig. 17-20, Мше g. 
17-92(iü), they arc obtained from fig. 17-21. In b усве 
distances along the arc are measured from the plan; while ta 


distances of points (on the generators) from o are taken from 


the elevation, after projecting them on the true length line. 
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Problem 15 (fig. 17-23): 


^ A cone, base 7-5 cm (3") diameter, axis 10 cm (4") long, 
v resting on its base in the H.P., is penetrated by a horizontal cylinder 
of 4 cm (121") diameter, the axis of which is 2-5 cm (1") above the 
H.P., parallel to the V.P. and 0-6 cm (3^) away from the axis of 

ihe cone. Draw the projections, showing curves of intersection. 
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Draw the three views of the solids. 


Assuming. a horizontal cutting plane through the linc 
2'2', draw a circle in the plan with centre o and diameter её, 
cutting lines 2-2 and 12-12 at points рз and p}. Project these 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


INTERSECTION OF SURFACES 425 


points to фу and фуу on the line 2'2’ (with which 12'-12' 
coincides). Obtain other points and the key points b’ and 
c' in the same manner and draw the curves as shown. 


As the axes do not intersect, the back curves in the ele- 
vation are different from the front curves. 


Fig. 17-24 shows the axis of the penetrating cylinder 
so displaced that a portion of the cylinder remains outside 
the cone. The curve of intersection is obtained in the same 


AO’ 





Fic. 17-24 
j re changes direction at 
anner as in problem 15. The curve c 
c ean m' F n' and becomes a single continuous curve. 
: A cone of basc 7-5 cm (3”) diameter enveloping n 
imaginary sphere of 5 cm (2") diameter and having its 
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centre 3 cm (127) above the base of the conc, is shown in 
fig. 17-25. It is penetrated by a cylinder which also enve- 
lopes the same sphere. The axes of the cone and the cylinder 
intersect cach other at right angles and lie in a plane parallel 
to the V.P. 





Fic. 17-25 


The lines of intersection are determined by finding the 
points in the same manner'as described in problem 14. In 
the elevation, they appear as straight lines intersecting cach 
other at right angles. In the plan, they are seen as ellipses. 


Problem 16 (fig. 17-26): 


A funnel is made of two constituent parts (i) а cylindrical pipe 
and (ii) a conical part, both enveloping а common sphere of 4 cm 
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(13") diameter, with their axes intersecting at right angles. The 
diameter at the mouth of the funnel is 7-5 cm (3") and the total height 
of the funnel is 5-6 cm (21"). Draw projections showing the curve 
of intersection when it is placed with its mouth in the H.P. and the 
two axes parallel to the V.P. 
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i ts. To form 
Draw the elevation and plan of the two par 
thc арс] thc pipe must be extended beyond the centre line 
of thc conical part. The points of internen of me mec 
ipe wi ill therefore be on tne - 
art of thc pipe with the cone will t 1 t \ 
Pond dde of the centre linc. The curve of пезоса mi 
be seen as a straight line in elevation and will be elip 
in plan. 


; 7.5 cm (3°) and axis 9 cm ( f ait epee 
poe En M H.P., is penetrated by а cylinder of 2 ME ў 


long, resting on tts 
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5 cm (2") diameter, the axis of which is parallel to and I cm ($^) 
away from that of the cone. Draw the projections showing curves 
of intersection, when (i) the plane containing the two axes is para- 
llel to the V.P.; (ii) the plane containing the two axes is inclined 
at 45? to the V.P. | 





Fic. 17-27 Fic. 17-28 


(i) Draw the plan and elevation (fig. 17-27). The 
centre of the circle for the cylinder (in the plan) will lie on 
the horizontal centre line and 1 cm (#7) away from the centre 
of the circle for the cone. 


Divide the base-circle of the cone into twelve equal 
parts and draw twelve generators in both the views. The 
surface of the cylinder is seen as a circle in plan. It cuts 
the lines on the surface of the cone at points f}, pa etc. 


Project these points to py’, №, etc. on the corresponding lines 
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in elevation. Draw the required curve of intersection through 


these points. The curve at the back will coincide with the 
front curve. 


The cutting-plane method is exactly similar, Assume 
a series of vertical cutting planes passing through the apex. 
The sections of the cone will be triangles and those of the 
cylinder will be rectangles. Points of intersection between 
these sections will lie on the curve. For example, take a cut- 
ting plane coinciding with the line 2-8. In elevation, the 
section of the cone will be shown by triangle 0’2’8’, while 
that of the cylinder will be a rectangle of width w. Points 
f». and jig’ at which lines o'2' and 0’8’ cut the sides of the 


rectangie, lie on the curve of intersection. 


Gi) As the plane containing the two axes makes an 
angle of 45° with the V.P., the centre q of the circle for the 
cylinder will lie on a line drawn through o, inclined at 45? 
to xy and 1 cm ($^) from о (fig. 17-28). 


Draw the plan and elevation and adopt the same method 
as in case (1). In addition to the twelve points, four key 
points e, f, g and h (where the extreme lines of the cylinder 
intersect the cone) must be located. Plot the curve which 
will be partly hidden. If a hole is drilled through the cone 
instead of a cylinder penetrating it, the curve will be fully 
visible. 


Problem 18 (fig. 17-29): 


A cylinder of 7-5 ст (3") diameter, standing on its base in the 
H.P., is penetrated by a cone, base 7-5 cm (3") diameter and axis 
11 cm (4$") long, the two axes bisecting each other at right angles. 
Draw the elevation showing lines of intersection. 


Divide the ‘base circle of the cone into twelve equal parts 
and draw lines for the generators in both views. 


"Assume a series of cutting planes perpendicular to the 
V.P. and passing through the apex. They will be seen as 
lines in elevation. The sections of the cone will be triangles 
and those of the cylinder will be ellipses. 
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Take a cutting plane coinciding with a line 30. In 
plan, the section of the cone is shown by a triangle 0-3-1] 
and that of the cylinder by the circle (plan of the cylinder). 
The sides of the triangle intersect the circle at points рз and . 


| 





Fic. 17-29 


Dy. Project these points in elevation to pf,’ on the line 3'0' 
with which 11'-e' coincides. Obtain other points іп the same 
manner and draw a curve through them. Points on the 
curve on the right-hand side of the axis of the cylinder are 
obtained simultaneously and in the same manner. 


Intersection of cone and prism: 
Problem 19 (fig. 17-30): 


Draw an equilateral triangle of 10 cm (4") side with one side 
horizontal. Draw a square of 4 cm (13") side in its сепіте, with - 
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its sides inclined at 45° to the base of the triangle. The figure shows 
the elevation of a cone standing on its base on the ground and having 
a square hole cut through it. Draw three views of the cone, using 
third-angle projection method. 





d 


N 


Fic. 17-30 


Project the plan and end elevation from the given view. 
Assume the cone as cut by a horizontal cutting plane pass- 
ing through points a’. The section of the cone will be a circle 
of diameter bb. The hole will be cut in two straight lines 
through points a' and perpendicular to the V.P. There- 
fore, with centre o (the apex in plan) and diameter bb, draw a 
circle cutting the projectors through 4' at points а. Assume 
additional cutting planes, particularly those which pass 
through corners of the square and find other points. Draw 
curves through these points. 

The method of locating points a” in end elevation is 
clearly indicated by construction lines. Obtain all points 
in the same manner. 
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Problem 20 (fig. 17-31): 


“СД cone, base 7-5 ст (3") diameter and axis 9 ст (35") long, : 
is penetrated by a square prism of base 3 ст (1-547) side. The axis 
of the prism is parallel to and 1-2 cm (4") away from that of the | 
cone. Draw the projections when a plane containing the two axes { 
is parallel to the V.P. and the faces of the prism are equally inclined i 
to the V.P. 
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Adopt the same method as shown in problem 17. 


— 


Figs. 17-31(a) and (5) show in third-angle projection, 
two views of a cone having a square hole cut through it. The 
axes of the cone and the hole are vertical and 1-9 cm (1") 
apart. The faces of the hole are equally inclined to the V.P. 
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In fig. 17-31(а), the vertical plane containing the two axes 
is perpendicular to the V.P.; while in fig. 17-31(5) it is 
inclined at 45° to the V.P. Third-angle projection is used 
in both cases. 
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Intersection of two cones: 


Problem 21 (fig. 17-32): 


_ A cone, base 10 cm (4") diameter, axis 10 cm (4^) long, and 
resting vertically in the H.P. is penetrated by another cone of base 
7-5 ст (3") diameter and height 11 cm (43^). The axes of the two 
cones bisect each other at right angles. Draw elevation showing curves 
of intersection, when the axis of the penetrating cone is parallel to 
the V.P. 
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Assume a horizontal cutting plane coinciding with a 
line ad. The section of the vertical cone will be a circle of 
diameter ee. The section of the horizontal cone will be a 
hyperbola. The width of the hyperbola at the point a will 
be equal to twice the length of the line al’; that at the 
- point b will be twice 52’, etc. In plan, mark points on the 





Fic. 17-32 


projector through a and on both sides of the horizontal axis, 
so that 1-1 = twice al’. Similarly, mark points on the pro- 
jector through b so that 2-2 —twice 52’, etc. Draw the hyper- 
‘bola through the points thus obtained. Draw a circle with 
centre o and radius ce, cutting the hyperbola at points f, and 
4. Project фу to p,’ and 4; to g,’ on the cutting-plane line 
ad. Then фу, 9, фу and 4 are the points on the curves in 
the two views. Similarly, assume additional scctions, prefer- 
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ably at equal distances on both sides of the axis (so that the 
sections will be the same). Draw the hyperbolas and circles 
in the plan and determine the points of intersection. Draw 
curves in both the views and on both sides of the vertical 
axis. 


The curves can be determined in thc same manner even 
when the axes do not intersect. 


Intersection of sphere and cylinder or prism: 
Problem 22 (fig. 17-33): 
A hole of 5 cm (2") diameter is drilled through a sphere of 


7-5 ст (3") diameter. The axis of the hole is 1 cm ($") from the — 


centre of ihe sphere. Draw three views of the sphere when a plane, 
containing the centre of the sphere and the axis of the hole, is inclined 
ai 60° to the V.P. | 
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Draw the plan of the sphere and show the circle for 
the hole in the required position. Project the elevation and 
end view. Divide the circle for the hole into twelve equal 
parts. 


Assume a number of cutting planes parallel to the V.P. 
The sections of the sphere will be circles, while the hole will 
be cut in straight lines. Intersection of the circles with corres- 
ponding lines will give points on the curves. Let us take 
a section plane passing through points 3 and 5. The section 
of the sphere will be a circle of diameter aa. The lincs through 
3 and 5 intersect this circle at points 3' and 5^ which lie on 
the curve. Obtain the twelve points in the same manner. Also 

plot the key points at which the section through the centre 
_ of the sphere is cut by the lines of the hole. Draw curves 
through all the points. Project the points on the end view, 
horizontally from the elevation on corresponding lines of 
the hole and draw curves through them. 


wProblem 23 (fig. 17-34): 


A sphere of 7-5 ст (3") diameter is penetrated by a square 
prism, base 5 cm (2^) side, the axis of which passes through the 
centre. Draw the elevation of the solids showing curves of intersec- 
tion when the axis of the prism is parallel to both the planes and the 
Jaces are equally inclined to the V.P. 





Fic. 17-34 


Draw the elevation and project the end view. Assume 
a vertical cutting plane passing through, say points a. The 
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section of the sphere will be a circle of diameter bb. It is 
cut by the section of the prism (a rectangle of width aa) at 
points а’ as shown in the clevation. Then points a' are 
on the curve of intersection. Obtain more points together 
with key points, in the same manner and draw curves 
through them. 


EXERCISES XVII 


Nole: For conversion of inches into centimetres refer to the table given 
on page 508. 


(1) А square prism, base 5 cm (2^) side resting on its base 
in the Н.Р. with its faces equally inclined to the V.P. is completely 
penetrated by another square prism of base 3 cm (1,%,”) side, 
the axis of which is parallel to both the planes and is 0:6 cm (1") 
away from the axis of the vertical prism. The faces of the hori- 
zontal prism also are equally inclined to the V.P. Draw the 
projections of the solids showing lines of intersection. 


(2) Two prisms whose ends are equilateral triangles of 
4 cm (14”) side and axes 10 cm (4") long, intersect at right angles. 
One face of each prism is on the ground. The axis of one of the 
prisms makes 30° with the V.P. Draw plan, elevation and side 
elevation, using third-angle projection method. 


(3) A square prism of base 5 cm (2") side and height 
12-5 cm (5") stands on the ground with a side of base inclined at 
30° to the V.P. It is penetrated by a cylinder, 5 cm (2") dia- 
meter and 12-5 cm (5") long, whose axis is parallel to both the 
H.P. and the V.P. and bisects the axis of the prism. Draw the . 
plan and elevation showing fully the curves of intersection. 

(4) A cylindrical boiler is 6’ in diameter and has a cylindri- 
cal dome 2'-6" diameter and 2’ high. The axis of the dome 
intersects the axis of the boiler. Draw three views of the 


arrangement. Develop the surface of the dome. Scale 1” = 1’. 
(B. U.) 


(5) A vertical pipe, 7:5 cm (3") diameter and 15 cm (6") long, 
has two branches, one on each side. The horizontal branch is 
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of 6 cm (23") diameter while the other is of 5 cm (2") diameter and 
inclined at 45? to the vertical. Assume the axis of 5 cm (2") 
branch and the main pipe to be in the same plane, and that of 
6 cm (23") branch at 0-6 cm (}”) from the axis of the main pipe 
and parallel to the V.P. Draw the views showing curves of inter- 
section. Draw the developments of the three pipes, assuming 
suitable lengths. 


(6) A cylinder of 7-5 cm (3") diameter and 12:5 cm (5") 
height, stands on its base in the Н.Р. It is penetrated centrally 
by a cylinder 5 cm (2") diameter and 12:5 cm (5") long, whose 
axis is parallel to the Н.Р. but inclined at 30° to the УР. 
Draw plan and elevation, showing curves of intersection. Draw 
also the development of the penetrated cylinder. 


(7) A right circular cylinder of 7-5 cm (3") diameter penetrates 
another of 10 cm (4”) diameter, their axes being at right angles 
to each other but 1 cm ($") apart. Draw the projection of the 
curves of intersection on a plane parallel to the axes of the 
cylinders. Use third-angle projection method. 

(8) Two circular pipes of 7-5 cm (3") and 5 cm (2") 
diameters (inside) meet at 30°. The axes of both the pipes are 
in one plane and the 7:5 cm (3") pipe is vertical. The thickness 
of the pipes is 0-6 cm (1") in both cases. Draw plan and 
elevation showing curves of intersection. 


(9) A square hole of 13* side is cut in a cylindrical shaft 3" 
diameter and 5" long. The axis of the hole intersects that of the 
shaft at right angles. АП faces of the hole are inclined at 45? 
to the Н.Р. Draw three views of the'shaft when the plane of 
the two axes is parallel to the V.P. (B. U.) 


(10) A cylinder of 5 cm (2") diameter, branches off another 
cylinder of 7-5 cm (3°) diameter. The axis of the smaller cylinder 
is vertical and that of the other is horizontal. If thc distance 
between the axes is 1 cm (3^), draw plan, elevation and end view 
of the cylinders. Usc third-angle projection method. 

(11) А cone frustum is 5" high, 33" diameter at the bottom 
and 4$" diameter at top. It is vertically placed and is completely 
penetrated by a horizontal cylinder 3" diameter and 5" long, the 
axis of which bisects the axis of the frustum. Draw plan and 
elevation of the solids showing curves of intersection. (B. U.) 
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(12) А conical funnel, 6" diameter at the mouth and 5” high 
has a pipe of 11" diameter attached at its apex. The length of the 
pipe is 4" and its axis is at right angles to the axis of the funnel 
and in the same plane, with the outer side of the pipe in line with 
the apex of the funnel. Draw full size, the arrangement with 
sufficient number of views to show the joint. (B. U.). 


(13) A cone, 34” diameter of base, axis 44” long, stands 
on the H.P. and is completely penetrated by a cylinder, 2" dia- 
meter and 41" long. -The axis of the cylinder is horizontal, para- 
llel to the V.P. and passes through the axis-of the cone, 3" from 
the apex. Draw the plan and elevation of both 'curves of inter- 
section. Develop the surface of the. cone. (B. U.) 


(14) A hole of 1" diameter is drilled in а cone having 3” 
diameter of base and 21" height. The axis of the hole is parallel 
to that of the cone and 1" from it. Draw.three views of the cone 
when a vertical plane containing the two axes is perpendicular 
to the V.P. (B. U.) 


(15) А conical hopper is fitted in vertical position on a hori- 
zontal pipe, 3” in diameter and 6" in length. The diameter of the 
hopper at the top is 41" and changes by 1” in every 1” of vertical 
distance. Draw plan and elevation, showing the curves of 
intersection if the top of the hopper is 22" above the axis of the 
pipe. Develop the surfaces of the hopper and the pipe. (B. U.) 


(16) A cylinder, 5 cm (2") diameter of base and 10 cm (4^) 
height is centrally penetrated by a cone, 5 cm (2") diameter of 
base and 7:5 cm (3^) height. The axis of the cylinder which is 
vertical, cuts the axis of the cone which is horizontal at 3 cm (145^) 
from the base of the cone. Draw the elevation and end view, 
showing curves of penetration. Use third-angle projection method. 


(17) А cone, base 7:5 cm (3") diameter and axis 10 cm (4^) 
long, has an equilateral triangular hole of 4 cm (14") side cut 
through it. The axis of the hole coincides with the axis of the 
cone. Draw three views of the cone when it is resting on its base 
in the H.P. with a face of the hole parallel to the V.P. Develop 
the surface of the cone. + 

(18) А sphere of 10 cm (4") diameter is penetrated vertically 
by a triangular prism of base 4 cm (15) side. Their axes coincide 
with each other. Draw the curves of penetration when two faces 
of the prism are equally seen in the front view. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri _ 


440 ELEMENTARY ENGINEERING DRAWING 


(19) А cone, base 10 cm (4^) diameter and height 12-5 cm 
(5^), resting in the H.P. on its base, is penetrated by another cone, 
5 cm (2") diameter and axis 10 cm (4") long. The axis of the 
penetrating cone is parallel to the Н.Р. and the V.P., 4 cm (12^) 
above the Н.Р. and 1 cm (2^) from the axis of the vertical cone. 
It comes out equally on both sides of the cone. Draw clevation 
and plan showing curves of intersection. 

(20) A cylinder, 5 cm (2") diameter and axis vertical, 
penetrates a pentagonal pyramid having its base on the ground 
and one side of the base parallel to the V.P. "The diameter of the 
circumscribing circle of the base of the pyramid is 7:5 cm (3”) 
and its height is 10 cm (4"). The two axes are 1 cm ($") apart. 
Draw the projections showing curves of intersection, when the 
plane containing the two axes is parallel to the V.P. Develop 
the surface of the pyramid. Use third-angle projection method. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


CHAPTER XVI 


M 
CONVERSION OF PICTORIAL VIEWS 
INTO ORTHOGRAPHIC VIEWS 


— - ——À —— - 


А —— — æ coo = seme- o o MM - — э 
-- =e ee —— -——— —— — - 


= — -——= - - 
— n HÀ I =. =. ee oe ——— - — а а À == 


Having grasped the principles of orthographic and 
isometric projections, we proceed to deal with the application 
of the same to conversion of pictorial views into orthographic 
views. | 

Orthographic views сап be drawn by two methods: 
(i) first-angle projection method and (ii) third-angle projection 
method. 

In the preceding chapters we have assumed the objects 
to be situated in front of the V.P. and above the H.P., i.e. in 
the first quadrant, and then projected them on these planes. 
This system of projection is known as first-angle projection 
system. The object lies between the observer and the plane 
[fig. 18-1(7]. In this system, when the views are drawn in 
their relative positions [fig. 18-1(4)], the plan is placed below 





e) Fic. 18-1 S 


the elevation; the view of the object as seen from the left 
side is placed to the right side of the elevation and Vice-versa. 
In brief, each projection shows the view of that surface (of 
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the object) which is remote from the planc on which it is 
projected, and which is nearest to the obscrver. 


In the third-angle projection system, the object is assumed 
to Be situated in the third quadrant, i.c. behind Ше V.P. and 
below the H.P. [fig. 18-2(;)]. The planes of projection arc 
assumed to be transparent. They lie between the object 
and the observer. When the observer views the object from 
the front, the rays of sight intersect the V.P. The figure 
formed by joining the points of intersection in correct sequence 
is the front view or the elevation. The top. view or the 
plan is obtained in a similar manner by looking from 
above. When the two planes are brought in line with 
each other, the views will be as shown in fig. 18-2(i). The 





Elevation 


Ө) (ii) 
Fic. 18-2 


plan in this case is placed above the elevation. The end 
view is obtained by projecting on an A.V.P. placed perpen- 
dicular to both the H.P. and the V.P., and between the 
observer and the object [fig. 18-3(i)]. The three views 
obtained after the planes are rotated and brought in line 
with the V.P. are shown in fig. 18-3(ii). The left side view 
of the object is placed оп the left side of the elevation. Thus, 
each projection shows the view of that surface (of the object) 
which is nearest to the plane on which it is projected. 
In other words, the view seen from any side of the object is 
placed on the same side of the elevation. 
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The system of first-angle projection is the British standard 
practice. The third-angle projection is the standard practice 
followed in America and in the continent of Europe. In 
our country, till recently, the first-angle projection system 
was in common use. The Indian Standards Institution has 
recommended the adoption of the system of third-angle 
projection as а standard practice in our country. Hence, it 18 
fast coming in general use. Persons in engineering profession 
may come across drawings from countries following any one 
system. It is, therefore, necessary for them to be conversant 
with both the systems. 





9 Fic. 18-3 5 


Conversion of a pictorial view into orthographic views \ 
requires a sound knowledge of the principles of pictorial 
projection and some imagination. A pictorial view may 
have been drawn according to the principles of isometric 
or oblique projection. In either case, it shows the object as 1t 
appears to the eye from one direction only. It does not 
show the real shapes of its surfaces or the contour. Hidden 
parts and constructional details are also not clearly shown. 
All these have to be imagined. 

For converting a pictorial view of an object into ortho- 
graphic views, the direction from which the object is to be 
viewed for its front elevation is generally indicated by means 
of an arrow. When this is not done, the arrow may be 
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assumed to be parallel to a sloping axis. Other views arc 
obtained by looking in directions parallcl to each of the other 
two axes and placed in correct relationship with the elevation. 


When looking at thc object in the direction of any onc 
of the three axes, only two of the three overall dimensions 
(viz. length, height and depth or thickness) will be visiblc. 
Dimensions which are parallel to the direction of vision will 
not be seen. Lines which are parallel to the direction of 
vision will be seen as points, while surfaces which are parallel 
to it will be seen as lincs. 


While studying a pictorial view, it should always be 
remembered that, unless otherwise specified, 


(i) A hidden part of а symmetrical object should be 
assumed to be similar to the corresponding visible part. 


(ii) All holes, grooves ctc. should. be assumed to be 
drilled or cut right through. 


(ш) Suitable radii should bc assumed for small curve 
of fillets etc. 


An object in its pictorial view may somctimes be shown 
with a portion cut and removed, to clarify some internal 
constructional details. While preparing its orthographic 
views, such object should be assumed to be whole, and the 
views should then be drawn as rcquired. 


It is comparatively easier to prepare a drawing from 
an actual object. The object is carefully examined and 
„then placed in a suitable position for the front view. АП 
the necessary views are then sketched freehand in a sketch 
book or on a pad. Measurements of all its details and overall 
sizes аге taken and inserted in the views, along with important 
notes and instructions. Finally, a scale-drawing is prc- 
pared from these sketches. 


Procedure for preparing a scale drawing: 


A scale-drawing must always be prepared from frechand 
sketches initially prepared from a pictorial view or a real 
object. In the initial stages of a drawing, always use a soft 
pencil viz. HB or F, and work with a light hand, so that lines 
are thin, faint and easy to erase, if necessary. 
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1, Determine overall dimensions of the required views. 
Select a suitable scale so that the views aie conveniently 
accommodated in the drawing sheet. 


2. Draw rectangles for the views, keeping sufficient 
space between them and from the borders of the sheet. 


3. Draw centre lines in all the views. When a cylin- 
drical part or a hole is seen as a rectangle, draw only one 
centre line for its axis. When it is seen as a circle, draw two 
centre lines intersecting cach other at right angles at its centre. 


4. Draw details simultaneously in all the views in the 
following order: : 


(i) Circles and arcs of circles. 
(ii) Straight lines for the general shape of the object. 
. (ii) Straight lines, small curves etc. for minor details. 


5. After the views have been completed in all the 
details, crase all unnecessary lines completely. Make the 
outlines so faint that only their impressions exist. 


6. Fair the views with 2H or 3H pencil, making the 
outlines uniform and intensely black (but not too thick). 
For doing this, adopt the same working order as stated in 
step 4 above. 


7. Dimension the views completely. Keep all centre 
lines. 


9. Draw section lines in the view or views which are 
shown in section. 


9. Print the title, the scale and other particulars and 
draw the border lines. 


10. Check the drawing carefully and see that it is 
complete in all respects. 


ILLUSTRATIVE PROBLEMS: 


Problem 1: 


Draw according to third-angle projection method the elevation 
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and an end view of the wedge-shaped piece shown in pictorial view 
in fig. 18-4(1). 





Fic. 18-4 


The edge AB is parallel to the isometric axis oz and 
hence, it will be scen as a horizontal line in the clevation 
[fig. 18-4(й)]. The edge CD will be сеп as an inclined line. 


Problem 2: 

Draw according to third-angle projection method, the elevation 
and an end view of the wedge-shaped piece shown pictorially in fig. 
18-5(1). | 


See бр. 18-5(i). Note that the bottom edge is horizontal. 





Fic. 18-5 


Note: The three axes are shown along with the pictorial views, only 
for the purpose of explanation of the above two problems. 
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‘ 


Problem 3: 


Draw according to the first-angle projection method, the following 
views of the block shown pictorially in fig. 18-6(1). 


(i) Elevation, (ii) plan and (iii) both end views. 
Sce fig. 18-6(ii). 





Fic. 18-6(ii) 
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Draw all ihe six views of the object shown  pictorially in 
fig. 18-7(i). Use third-angle projection method. 


Sce fig. 18-7(ii). | | 





Fic. 18-7(2) 


мо 





Fic. 18-7(й) 
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Pictorial views of objects are shown in figs. 18-8 to 18-26. 
Draw, scale full size, views of each object as stated below. The 
elevation in each case, should be drawn as seen in the direction of 
the arrow X. Use third-angle projection method, unless otherwise 
specified. Insert all dimensions in the views. 

(1) Fig. 18-8: (i) Elevation. (ii End view from the left. 
(iii) Plan. Use first-angle projection method. 





Fic. 18-8 Fic. 18-9 
(2) Fig. 18-9: (i) Elevation. (ii) Both end views. (iii) Plan. 





Fic. 18-10 


(3) Fig. 18-10: (i) Elevation. (ii) End view. (iii) Plan. Use 
first-angle projection method. 
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(4) Fig. 18-11: (i) Elevation. (ii) End view from the left. 
(ii) Plan. 





Fic. 18-11 Гіс. 18-12 


(5) Fig. 18-12: (i) Elevation. (ii) Both end views. (iii) Plan. 
(6) Fig. 18-13: (i) Elevation. (ii) Both end views. (iii) Plan. 





Fic. 18-13 Fic. 18-14 


(7) Fig.:18-14: (i) Elevation. (ii) End view. (iii) Plan. Use 
first-angle projection method. 
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(8) Fig. 18-15: (i) Elevation. (ii) End view from the right. - 
(iii) Plan. | 





-А\?х-1®А\?\- 


Sn 
ANM 





Fic. 18-15 Fic. 18-16 


(9) Fig. 18-16: АП the six views. 


(10) Fig. 18-17: (i) Elevation. (ii) End view from the left. 
(iii) Plan. ; 
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(11) Fig. 18-18: (i) Elevation. (ii) Both end views. 
(їп) Plan. 





Fic. 18-18 


(12) Fig. 18-19: All the six views, according to first-angle 
projection method. 





PT 


Fic. 18-19 
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(13) Fig. 18-20: (i) Elevation. (ii) End view from the right. 
(iii) Plan. 





X Fic. 18-20 
(14) Fig. 18-21: (i) Elevation. (ii) Both end views. (iii) Plan. 





Fic. 18-21 
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(15) Fig. 18-22: (i) Elevation. (ii) End view. (iii) Plan. 
Use first-angle projection method. 





3 THICK 


Fic. 18-22 


(16) Fig. 18-23: (i) Elevation. (ii) Both end views. (iii) Plan. 





Fic. 18-23 
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(17) Fig. 18-24: (i) Elevation. (п) End view from the right. 
(iii) Plan. 





Fic. 18-24 


(18) Fig. 18-25: (i) Elevation. (ii) End view from the left. 
(ш) Plan. Use first-angle projection method. 





Fic. 18-25 
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(19) Fig. 18-26: (i) Elevation. (ii) End view from the left, 
(iii) Plan. Use first-angle projection method. 





Fic. 18-26 
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Perspective projection or Perspective drawing is the repre- 
sentation of an object on a plane surface, called the picture plane, 
as it would appear to the eye, when viewed from a fixed position. 
It may also be defined as the figure formed on the picture 
plane when visual rays from the eye to the object cut the 
picture plane. Perspective is mainly used in Architecturc. 
Ву means of perspective, the architect is able to show how an 
object would appear when constructed. 

In this chapter, we shall deal with the art of drawing 
perspectives of simple objects in simple positions. 

It is essential to have full knowledge of the principles 
of orthographic projection before the theory of perspective 
drawing can be studied. 


ORTHOGRAPHIC PROJECTION: 


In orthographic projection, the object is assumed to be 
situated between the two principal planes of projection. The 
eye or the observer is assumed to be at an infinite distance 
from the object, and the imaginary rays of sight from the 
eye to the object are assumed to be parallel to cach other 
and perpendicular to the planes of projection. 


Orthographic projection of an object (as described in 
Chapter XVIII) can be drawn by two methods. In the 
first-angle projection method, the object is assumed to be. 
situated in the first quadrant, i.e. between the observer and ` 
the plane of projection. Hence, the plan of the object 15 
placed vertically below the elevation; while the end view 
from one side is placed on the other side of the elevation. 
In the third-angle projection method, the object is assumed to 
be situated in the third quadrant, i.e. the plane of projection 
lies between the observer and the object. In this case, the 
plan lies directly above the elevation, while the end view 
from a side is placed on the same side of the elevation. 
Knowledge of the latter method of projection is essential in 
perspective drawing. 
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PERSPECTIVE DRAWING: 


In perspective projection, the eye is assumed to be 
situated at a definite position relative to the object. The 
vertical plane, which (in perspective) is called the picture 
plane, is usually placed between the object and the eyc. 

- Visual rays from the eye to the object converge to a point 
in the eye and are, therefore, inclined to the picture planc. 
The rays pierce the picture plane and form an image on it. 
This image is the perspective of the object. Various elements 
used in obtaining the perspective view are defined below. 


Auxiliary Ground Plane-AGP 














‘Centre of Vision-C 


Perpendicular Ахіѕ-РА 





Horizon Plane-HP- TÝ 


€. Central Plane-C P 
Horizon Line-HL ЛЕ 


Station Point-S 
(Eye) 


Picture Plane-PP 


Ground Line-GL. Graund Plane-GP 
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DEFINITIONS OF PERSPECTIVE ELEMENTS (fig. 19-1): 


1. Ground plane-(GP): It is a horizontal plane on 
which the object is assumed to be situated. 


2. Station. point (S): It is the point where the eye 
of the observer is located while viewing the object. 


3. Picture plane (PP): It is a vertical transparent 
plane located between the station point and the object which 
Is to be viewed. It is the plane on which, the perspective is 
formed. _ The elevation of perspective elements and of the 
object (if necessary) is also projected on this plane. 
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4. Horizon plane (HP): This imaginary plane is 
at the level of the eye, i.e. the station point. It is a horizontal 
plane, above the ground plane and at right angles to the 
picture piane. | 


5. Auxiliary ground plane (АСР): It is a horizontal 
plane placed above the horizon plane. The top view or 
plan of the object and of the perspective elements is pro- 
jected on this plane. 


6. Ground line (GL): The line of intersection of the 
picture plane with the ground plane is called the ground 
linc. 


7. Horizon line (HL): It is the line in which the 
horizon plane intersects the picture plane. It is parallel 
to the ground line. 


8. Perpendicular axis (PA): It is the line drawn 
through the station point, perpendicular to the picture 
plane. It is, sometimes called the ‘Line of sight’ or ‘Axis 
of vision." 

9. Centre of vision (C): The point in which the 
perpendicular axis pierces the picture plane is called the 
centre of vision. It lies on the horizon line. 


10. Central plane (CP): It is an imaginary vertical 
plane, which passes through. the station point and the centre 
of vision. It contains the perpendicular axis. It is 
perpendicular to both, the picture plane and the ground 
plane. | 

In fig. 19-2, the perspective elements are shown in 
plan and elevation, drawn according to the third-angle 
projection method. In plan, the picture plane PP is seen 
as a horizontal line. The object is above PP, while s the 
station point is below PP. The line sc is the perpendicular 
axis and represents the central plane also. The ground 
plane, the' horizon plane and the auxiliary ground plane 
will be seen as rectangles, but are not shown. In elevation, 
lines GL (ground line) and HL (horizon line) represent 
respectively the ground plane and the horizon. plane. 
The station point s’ and the centre of vision ¢ coincide with 
each other on HL. The central plane GP is seen as a 
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vertical line through 5. The picture plane will be scen 
as a rectangle, but is not shown. Тһе perspective view 
(when drawn) will be seen above or around GL. 


х 
lc PP 


PA. 





Any Convenient Distance 


Pp 
; 


—klevation — 
Fic. 19-2 
STATION POINT: 


The position of the station point is of great importance. 
Upon its position, the general appearance of the perspective 
depends. Непсе, it should be so located as to view the 
object in the best manner. 


For large objects such as buildings, the station point 
is usually taken at the eye level of a person of normal height 
i.e. about 1-5 metres (5 feet). For small objects, the station 
point should be fixed at such a height as would give а good 
view of the top as well as side surfaces. ; 


The distance of the station point from the picture plane, 
when taken equal to about twice the greatest dimension of. 
the object, usually gives good view in the perspective. 
For objects having heights and widths more or less equal, 
the location of the station point may be so fixed that the 
angle between the visual rays from the station point to the 
outer most boundaries of the object is approximately 30°. 
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The station point should be so situated in front of the 
object that the central plane passes through the centre of 
interest of the object. It may not, necessarily, be placed in 
front of the exact middle of the object. 


PICTURE PLANE: 


The position of the picture plane relative to the object, 
determines the size of the perspective view. The perspective 
will show the object reduced in size when it is placed 
behind the picture plane. If the object is moved nearer 
the picture plane, the size of the perspective will increase. 
When the picture plane coincides with the object, the per- 
spective of the object will be of its exact size. When the 
object is placed in front of the picture plane, its perspective, 
when projected back, will show the object enlarged in size. 


In fig. 19-3(i), the line AB is behind the picture plane. 
Its perspective A'B’ is shorter than AB. In fig. 19-3(i), 
AB is in the picture plane; its perspective A’B’ is equal to AB 
and coincides with it. Fig. 19-3(iii) shows the line AB 
placed in front of the picture plane; when projected back on 
the picture plane, its perspective A’B’ is longer than AB. 





Fic. 19-3 


The perspective view of an object may Бе obtained by 
either (i) visual-ray method or (ii) vanishing-point method. In 
the visual-ray method, points on the perspective are obtained 
by projecting (i) the plan and (ii) either the elevation 
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or the end view of the visual rays. Vanishing-point method is 
comparatively simple. In addition to the plan | of the ' 
visual ravs, use of vanishing points of straight lines is made 
in this method. Ап elevation or end view of the object is 
also required to be drawn, for determining the heights. 


VISUAL-RAY METHOD: 


This method is explained by means of the following 
illustrative problems. 


Problem 1 (fig. 19-4): 


A point A is situated 1-5 cm behind the picture plane and 1 ст 
above the ground plane. The station point is 2-5 cm in front of the 
picture plane, 2 cm above the ground plane and lies in a central plane 
1 cm to the right of the point. Draw the perspective view of the 
poini A. 





| FH 
(i) (ii) + (iii) 
Fic. 19-4 


The Pictorial view of the ground plane, the picture 
plane, the given point and the station point in their respective 
positions 1s given in fig. 19-4(7). The visual гау 45 from the 
station point 5 to the point A is also shown. It passes through 
the picture plane. To mark the perspective of A, the point 
A’ at which AS pierces the picture plane should be located. 


In fig. 19-4(), an auxilia 

; ry ground plane (АСР) is 

уш placed SE the point A, and the Siml ray E is 
wn. projected on it. asis the plan of AS and a. is the vlan 

of the point A’ at which AS pierces the picture аа а] 


shows the position of the point A' along the length of the 
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picture plane. When the auxiliary ground plane, is 
revolved and brought in the same plane as that of the 
picture plane, the view will be as shown in fig. 19-4(ziz). 


To obtain the height of A’ above the ground plane, an 
auxiliary vertical plane (AVP) perpendicular to both the 
‘picture plane and the ground plane is placed to the left of A 
and an end view of AS is projected on it [fig. 19-4(i2)]. a"s” 
is the end view of AS and a, is the end view of A’. It shows the 
height of A’ above the ground plane. Fig. 19-4(v) shows the 
orthographic view (end view) when AVP is revolved and 
brought in the same plane as that of the picture plane. 





(vi) (vii) 
Fic. 19-4 


Fig. 19-4(vii) shows the plan [fig 19-4(їй)] and the 
end view [fig. 19-4(v)]] combined together. А horizontal 
line drawn through a, and intersecting the vertical line 
through a, gives the point A’ which is the perspective view 
of the point A. It is quite clear from the pictorial view [fig. 
19-4(vi)] that A’ lies in the picture plane on the line AS. 
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Steps in drawing the perspective view of the point А 
[fig. 19-4(vii)]. 

(i) Draw a horizontal line PP representing the picture 
plene in plan. 

(ii) Mark а, the plan of 4, 1-5 cm above PP. 

(iii) Draw a line (representing the central plane) 
perpendicular to PP and 1 cm to the right of а. On this 
line, mark s, the plan of the station point, 2-5 cm below PP. 

(iv) Draw a line joining a with s and intersecting 
PP at a point а. 

(у) At any convenient distance below PP, draw a 


horizontal line GL. It is the ground line and also represents 
the ground plane in elevation. 


(v) Draw a line HL parallel to and 2 cm above GL. 
It is the horizon line and also represents the horizon plane 
in elevation. 


(vii) At any point on GL and to the left of а, draw 
a vertical line PP, (representing the picture plane in end 
view). 

(viii) Mark a", the end view of A, 1 cm above GL 
and 1:5 cm to the left of PP,. 


(ix) Mark 5", the end view of the station point, on 
HL and 2-5 cm to the right of PP,. 


(x) Draw a line joining а” with s" and intersecting 
PP, at a point ap. 


(xi) Through ау, draw a vertical line. Through а», 
draw a horizontal line intersecting the vertical line at a 
point A’. 


Then A’ is the perspective view of the point A. 


| Alternative method: Instead of the end view of AS, 
its elevation as’ may be projected on the picture plane 
(considering it as a vertical plane of projection) as shown in 
fig. 19-5(1). The point A’ must lie on this line a's’. It 
can be located by combining the plan and clevation as 
shown in figs. 19-5(i) and 19-5(2i), and as described below. 
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(i) Draw the line as in plan [steps (i) to (iv)]. 


(ii) Draw the ground line GL at any convenient dist- 
ance below PP and mark a’, the elevation of A, 1. cm above 
GL and in projection with a. 


(iii) Draw the horizon line HL, 2 cm above GL and 
оп it, mark у, the elevation of 5, in projection with s. 


(iv) Draw a line joining a’ with s’. 


(v) Draw a vertical line through а, intersecting a's’ 
at a point A’, 


Then A’ is the perspective view of the point A. 





(1) (ii) (111) 
Fic. 19-5 


This method is comparatively simple and is generally 
adopted. In case of large objects, the perspective view 
often partly overlaps the elevation. This, sometimes, 
causes confusion. | 

Perspective view of a straight line by the visual-ray 
method is drawn by first marking the perspectives of its 
ends which are points and: then joining them. 


Problem 2 (fig. 19-6): 


A straight line AB, 4 cm long, is parallel t to and 1:5 cm above 
ihe ground plane, and ‘inclined at 30° to the picture plane. The end 
A is 2 cm behind the picture plane. The station point is 4 ст 
above the ground plane, 5 cm in front of the picture plane and lies 1n 
а central plane which passes through the mid- point, of AB. Draw 
is perspective view. 
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Draw a horizontal line PP. As АВ is parallel to the 
ground plane, its plan will show its true length. "Therefore, 
draw a line ab, 4 cm long, inclined at 30° to PP and the end 
a, 2 cm above PP. 

Draw a vertical line through m, the mid-point of ab 
and on it mark s, the plan of the station point, 5 cm below 
PP. 3 

Draw lines joining s with а and b, and interscciing PP 
at points a, and b, respectively. 
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Draw the ground line GL at any convenient distance 
below PP. Draw the horizon line HL parallel to and 4 cm 
above GL. Project 5, the elevation on HL. 


From ab, project the elevation a'b’, parallel to and 1:5 cm 
above GL. 


Draw lines joining s' with a’ and b’. 


, Through а, and b, draw verticals to intersect a’s’ and 
b's’ at points A’ and В’ respectively. 
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Join 4’ with B'. Then A'B’ is the required perspective 
view of AB. 3 | | 


. The perspective can also be obtained with the aid of 
the end view instead of the elevation. 


Perspective view of any solid (by visual-ray method) 
can, similarly, be drawn by first obtaining the perspective 
of cach corner and then joining them in correct sequence, 
taking care to show the hidden edges by dotted lines. 


Problexa 3 (figs. 19-7 and 19-8): 


A rectangular pyramid, base 3 cm х 2 cm and axis 3:5 cm 
long, is placed on the ground plane on its base, with the longer edge 
of the base parallel to and 3 cm behind the picture plane. The 
central plane is 5 cm to the left of the apex and the station point is 
3 cm in front of the picture plane and 2-5 cm above the ground plane. 
Draw the perspective view of the pyramid. 





Fic. 19-7 


Fig. 19-7 shows the perspective view of the pyramid 
obtained by means of its plan and end view. The pictorial | 
view shows clearly that ‘points on the perspective lie in the 
picture plane on respective visual rays. 
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In fig. 19-8, the perspective view is drawn by means 
of its plan and elevation. It partly overlaps the elevation. 
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VANISHING-POINT METHOD: 


Vanishing points: These are imaginary points infinite 
distance away from the station point. In practice, the 
point at which the visual ray from the eye to that infinitely 
distant vanishing point pierces the picture plane is referred to 
as the vanishing point. 


If we stand between the rails of a long stretch of a rail- 
way track, it would appear as if the rails meet very far away 
at a point just at the level of the eye, i.c. on the horizon linc. 
Even the telegraph and telephone wires running along the 
track at the sides of the track appear to meet at the same 
point. This point is a vanishing point. 


. In fig. 19-9, ab is the plan of a line AB lying on the 
. ground plane and inclined at angle 0 to the picture plane. 
When viewed from the station point s, its intercept on PP is 
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abı. If the line is moved along the ground to the right, 
keeping the same inclination 0 with the picture plane, its 
intercept. will go on decreasing. The intercept becomes 
zero, or the line vanishes in a point at v when ab and the 
visual ray fall in a straight line. The point v is the plan posi- 
tion of the vanishing point for the horizontal line АВ and for 
all lines parallel to AB, irrespective of their positions. The 
clevation position V of the vanishing point is obtained by 
projecting v, vertically on the horizon line. 





Fic. 19-9 


Therefore, the vanishing point for any horizontal line is 
found by drawing a line parallel to the plan of that line from 
the plan of the station point. The point at which this line 
intersects the plan of the picture plane is then projected on 
the horizon line. This point on the horizon line is the ele- 
vation position of the vanishing point. 





Fic. 19-10 


In fig. 19-10, abcd is the plan of a rectangular block 
placed on the ground plane so that a vertical face 1s inclined 
at angle 0 to the picture plane. The vanishing points for the 


3, 
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line ab and for lines cd, cf and gh (which аге parallel to ab) 
is obtained by drawing a linc through s, parallel to ab and 
intersecting PP at a point və. Through 75 a vertical line 
is drawn to meet HL at a point V,. Then V, is the elevation 
position of the vanishing point. In perspective view of the 
block, edges 4B, CD, EF and GH will converge to this point 
Və. Similarly, V, is the vanishing point to which cdges AD, 
BC, EH and FG will converge. 


Thus, perpsectives of all horizontal lines, if produced, 
pass through their respective vanishing points on the horizon 
line. Perspectives of all horizontal parallel lines converge 
to a vanishing point on the horizon line. 





Fic. 19-11 


Vanishing point for lines perpendicular to the picture 
plane is obtained by drawing a line through the plan of the 
station point, and perpendicular to the picture plane. It 
lies on the horizon line and coincides with the centre of 
vision. lt is the elevation position of the station point. 
In fig. 19-11, V is the elevation position of the station point 
and the vanishing point, at which perspcctives of lines 
AD, BC, EH and FG will converge. Thus, perspectives of 


all lines perpendicular to the picture plane converge to the 
center of vision on the horizon line. 


Lines which are parallel to the picture plane will have 
no vanishing points. They vanish at infinity. Therefore, 
perspectives of vertical lines are vertical; perspectives of 
horizontal lines which are parallel to the picture planc, 
remain horizontal; and perspectives of lines inclined to the 
- ground plane and parallel to the picture plane will be 

inclined in the same direction (see fig. 19-15). 
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A rectangular block, 3 cm X 2 cm X 1-5 cm, is lying on the 
ground plane on one of its largest faces A vertical edge is in the 
picture plane and the longer face containing that edge makes an angle of 
30° with the picture plane. The station point is 5 cm in front of the 
picture plane, 3 cm above the ground plane and lies in a central 
plane which passes through the cenire of the block. Draw the 
perspective view of the block. 
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Draw the plan abcd with а in PP and the longer edge 
ab inclined at 30° to PP. Mark its centre o. Marks, the 
plan of the station point, on a vertical line through o and 
5 cm below PP. Draw lines joining s with corners a, 5, c 
and d, and intersecting PP at points & 5, etc. 


Draw the ground line GL at any distance below PP 
and the horizon line HL, 3 cm above GL. 


Through s, draw lines parallel to ad and ab cutting 
PP at points v, and оз respectively. Project vņ to V, and va 
to V, on HL. V, and V, are the vanishing points. Pers- 
pectives of edges AD, EH, BC and FG will converge to V, 
and those of edges AB, CD, EF and GH will converge to Vz. 
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Perspectives of vertical edges AE, BF, CG and DH will 
remain vertical. 

As AE is in the picture plane, its perspective will be 
equal to the true length and the end E will lie on GL. There- 
fore, through a, draw a vertical line to a point E" on GL and 
on it, mark A’ so that A'E' — AE. (This length may be 
measured directly or may be projécted from the elevation, as 
shown). 

Draw lines joining A’ and Е’ with V} and V>. Through 
b,, draw a vertical line to intersect A’V, at В’ and E’V, at 
Е". Similarly, draw a vertical through d, and obtain points 
D' and H'. Draw lines joining B’ and F' with V,, and D’ 
and Н’ with V,, intersecting at points С" and С’ respectively. 
They must lie on the vertical line through су. Note that 


lines meeting at G' are all hidden and therefore, shown 
dotted. 


In fig. 19-13, the ground line GL has been so drawn 
that HL coincides with PP. Hence, V, and V, coincide 
with v, and v, respectively оп PP. The perspective view is 
obtained in the same manner as described above. 





"Fic. 19-13 


. Distance points: Vanishing points for all horizontal 
lines inclined at 45° to the Sait "ale are given special 
name of distance points on account of their definite positions. 
They are equidistant from the centre of vision, the distance 
of each from the centre of vision being equal to the distance 
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of the station point from the picture plane. In fig. 18-14, 


Рүс' = Рәс" = зс. Thus, perspectives of all horizontal lines 


inclined at 45° to the picture plane converge to distance points 
on the horizon line. | 


Problem 5 (fig. 19-14): 


Draw the perspective view of a cube of 2-5 cm edge, lying on a 
face on the ground plane, with an.edge in the picture plane and all 
verlical faces equally inclined to the picture plane. The stalion 
point is 5 ст in front of the picture plane, 3-5 cm above the ground 


plane and lies in a central plane which is 1 cm to the left of the centre 
of ihe сиде. 





| Fic. 19-14 

Draw the plan of the cube and of the station point. 
Draw lines GL and HL. Obtain distance points P, and P, 
in the same manner as the vanishing points; Or project 5 to 
соп HL and mark points P, and P, such that c P, = CP, = 5б. 
Draw the perspective view as described in the previous 
problem. € oes 
ive: ject has its one or 

Parallel perspective: When an objec Te 
more faces parallel to the picture plane, its perspective 1s 
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called parallel perspective. As perspectives of horizontal, 
vertical or sloping lines parallel to the picture plane remain 
respectively horizontal, vertical or sloping, faces which are 
parallel to the picture plane do not get distorted in shape. 
They change in size only. When a face is in the picture 
plane, its perspective will be of the true size and shape. 





Ес. 19-15 


. Fig. 19-15 shows the perspective view of a hut having 
its front face in the picture plane. The front face is seen in 
its true size and shape, while the back parallel face is of the 
same shape but reduced in size. As the lines AF, BG, CH, 
DJ and EK are perpendicular to the picture plane, their 
perspectives A'F', B'G' etc. converge to the centre of vision 
c on HL. Note that vertical lines AE, CD etc. remain vertical 
ın perspective. Similarly, horizontal lines ED and KJ 
and sloping lines 4B, BC, FG and GH (which are all 
parallel to the picture plane) remain respectively horizontal 
and sloping in perspective. 


Measuring line or Line of heights: We havc seen that 
when a line is in the picture plane, it is seen in its true length 
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in perspective. When a line is behind the picture plane, it 
is foreshortened in its perspective view. 


In fig. 19-16, ab is the plan of a rectangle ABCD whose 
surface is vertical and inclined to the picture plane, the edge 
G is on the ground plane and the edge AD is in the picture 
plane. In its perspective view A'B'C'D', A'D’ is equal to the 
true length 4D, while B'C' is shorter. 4'D' lies on a vertical 
line drawn through a. The length B’C’ is derived from 
A'D'. 





Fic. 19-16 


Let us now consider the rectangle EBCF within the 
rectangle ABCD. Е'В'С'Е' is its perspective view. ЕЕ" is 
shorter than EF or AD. Its length has been derived from 
A'D'. Thus, aD' is the measuring line or the line of heights 
for points E, F, B and C. It is obtained by producing eb 
to intersect PP at the point a; through а, a perpendicular 
is dropped to meet GL at a point D'. In other words, if 
we imagine that the rectangle EBCF is moved along the line 
eb to meet the picture plane, its edge EF will strike it at the 
line A'D’ showing its true length. 


Thus, the measuring line or the line of heights’ is the 
trace or the line of intersection with the picture plane, of the 
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vertical plane containing the point or points whose heights 
are to be determined. Heights of points lying in different 
vertical planes can be measured from their respective lines 
of heights. Heights on this line may be measured directly 
with a scale or may be projected from the elevation. 


Problem 6 (fig. 19-17): 


Determine the line of heights for points lying in the line ac which 
is the plan of a regular hexagon ABCDEF (elevation of which 15 
shown on GL) and then, draw iis perspective view from the given 
position of the station point. 
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As ac is behind the picture plane, all the sides of the 
hexagon will be foreshortened. To determine the measuring 
line, produce ac to meet PP at a point h; through k, draw a 
vertical to meet GL at a point Н. Then AH is the measuring 
line for heights of all points in the hexagon. 


To draw the perspective view, determine the vanishing 
point V. Project horizontally, points А, B etc. from the 
elevation to points a’, b’ etc. on AH. 
these points with V. Draw lines joining 
‘Through the points of intersection of t 


Draw lines joining 
5 with a, b and c. 
hese lines with PP, 
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draw verticals to meet the corresponding lines converging 
to V, at points A’, B'....F'. Join these points in correct 
sequence. The resulting figure is the perspective view of 
the hexagon. 


Perspectives of circles: 


A circle will appear as a circle in its perspective view 
when it is parallel to the picture plane. In other positions 
its perspective will be an ellipse (except when it lies in the 
central plane). 


To obtain points for the ellipse, the circle is enclosed 
or ‘crated’ in a square. The mid-points of the sides of the 
square are the four points for the ellipse. Points of inter- 
section of the diagonals with the circle are the other four 
points. Lines are drawn through these. points, parallel to 
the sides of the square. Perspective of the square along with 
the parallel lines is then drawn, locating the eight points 
for drawing the ellipse. 


Problem 7 (fig. 19-18): 


Draw the perspective view of a circle of 5 cm diameter, lying 
on ihe ground plane and touching the piciure plane. The station 
point is 8 cm in front of the picture plane and 6 cm above the ground 
plane. The central plane passes through the centre of the circle. 


With o as centre, draw the circle touching PP. Enclose 
it in a square abcd with ab in PP. Draw the horizontal and 
vertical diameters and the diagonals of the square. Mark 
points 1 to 8 as shown. Through the points on the diagonals, 
draw lines ef and gh parallel to ad. 

Draw lines GL and HL, and mark s, the plan of the 
station point. Project 5 to с on HL. с' is the centre of 
vision to which the perspectives of lines perpendicular to 
PP will converge. . 


Draw the perspective view of the square. Draw the 
diagonals, intersecting each other at O’. Through. O, 


draw horizontal and vertical lines, intersecting the sides at d 
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points 1’, 2’, 3' and 4'. Draw perspectives of lines ef and 
gh, cutting the diagonals at points 5’, 6’, 7’ and 8'. Draw 
the ellipse through points 1’, 5’, 2’....8’. The ellipse is the 
required perspective view of the circle. 


It may be noted that the centre of the ellipse docs not 
coincide with O’, the centre of the perspective of the square. 
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Fig. 19-20 shows perspectives of circles inscribed in the 
faces of a cube resting on the ground plane with an edge 
in the picture plane and all vertical faces equally inclined 
to the picture plane. The central plane passes through the 
centre of the cube. The ground line GZ has been so placed 
that ZL coincides with PP. Hence, distance points Р, and 
P, also lie on PP. 


Curve of any shape can, similarly, be drawn in perspective 
by enclosing it in a rectangle and then drawing horizontal 
and vertical lines through a number of points on the curve. 
Fig. 19-21 shows the perspective view: of a moulding, the 
elevation of which is shown on the right-hand side. aH is 
the line of heights. 


TYPICAL PROBLEMS: 
Problems 8 to 14: 


Draw perspective views of a straight line AB, 3 cm long, in 
the given positions. The station point is 4 cm in front of the piciure 
plane (PP), 3 cm above the ground plane (GP) and lies in a central. 
plane (CP) in the given positions. 





б) (i) (iii) 
Fic. 19-29 


Problem 8 (fig. 19-22): 


AB in GP and inclined at 0 to PP; A in PP: 
the right of A. т РР; CP, 1 ст to 
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(i) Visual-ray method —by plan and elevation [fig. 19-22()]: 


Draw the plan ab with а in PP. Draw the elevation 
a'b' in GL. Mark s, the plan and 5', the elevation of the sta- 
tion point. Join s with a and b, and s' with a’ and b’. As 
А is in PP and on GP, its perspective А” will coincide with а/. 
B' will lie on 5'5' on a vertical through &,. Join A’ with B’. 
Then A’B’ is the perspective view of AB. 


(ii) Visual-ray method — by plan and end view [fig. 19-22(i]: 
Draw the plan ab and the end view a"b". Mark s, the 
plan and s", the end view of the station point. Join s with 
а and b, and s” with a” and b”. As A is in PP and on GP, 
its perspective A’ will lie on GZ on the vertical through a. 
B’ will Пе at the point of intersection of the vertical through 
6, and the horizontal through ba A'B’ is the required 
perspective view. 
(iii) Vanishing-point method [fig. 19-22(zi)]: 

Draw the plan ab and mark s, the plan of the station 
point. Draw sv parallel to ab. Through v, draw a vertical 
and mark FV, the vanishing point, оп HZ. A" will lie on 
GL on a vertical through a. Join A’ with V. Draw a verti- 
cal through 4, aud obtain B’ on A'V. А'В' is the required 
perspective view. 





Fic. 19-23 


Problem 9 (fig. 19-23): | 
AB. parallel іо PP and 0-5 cm above it; inclined at 30° to 
PP; A, 1 cm behind PP; CP, 1 cm to the right of A. 
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Draw the plan ab, mark s and obtain the vanishing 
point V. Join s with a and b. As А is behind PP, the line 
of heights will be necessary. Produce ba to h on РР. Draw 
the line of heights АН. Mark a point a’ on AH, 0-5 cm above 
GL. Join а with V. Obtain points A’ and В' on the line 
a'V, as shown. A’B’ is the required perspective view. 


Problem 10 (fig. 19-24): 


AB, perpendicular to PP; A, 1 cm behind PP and 0-5 cm 
above GP; CP, 2 cm to the right of AB. 


Draw ab, the plan and a’, the elevation. Mark s and 
s. Join s with a and b, and s’ with a’. Obtain the pers- 
pective A’B’ as shown. This is the visual-ray method. 

The same figure can be interpreted as the solution by 
vanishing-point method. As the line is perpendicular to 
PP, its vanishing point will be at the centre of vision c', 
ie. at s on HL. The vertical through a is the line of 
heights. а’, marked 0:5 cm above GL, shows the height of 
A and B both. A’B’, the perspective, lies on a's’, i.e. on 
a'c. 





Fic. 19-24 Fic. 19-25 
Problem 11 (fig. 19-25): 


AB, parallel to both PP and GP; 0-5 cm above GP and 1-5 
cm behind PP; CP, 1-5 cm to the left of A. 


| Аз the line is parallel to PP, it will have no vanishing 
point. The perspective view A'B' is drawn by means of 
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plan and elevation (visual-ray method). It is parallel to 
ab’. (See note at the end of problem 13). 


Problem 12 (fig. 19-26): 


AB, parallel to and 1-5 cm behind PP; inclined at 30° to 
GP; A, 0-5 cm above GP; CP, 1-5 cm to the left of A. 


As AB is parallel to PP, it will have no vanishing point. 
The perspective A’B’ is obtained by means of plan and ele- 
vation (visual-ray method). It is parallel to the elevation 
a'b'. (See note at the end of problem 13). 





Fic. 19-26 Fic. 19-27 


Problem 13 (fig. 19-27): 


AB perpendicular to GP and 1 cm behind PP; A, 0-5 ст 
above GP; CP, 2 cm to the right of AB. 


As AB is parallel to PP, it will have no vanishing point. 
a is the plan and a’b’ is the elevation. The perspective 
A'B' is obtained by visual-ray method. It is perpendicular 
to GP. 


Note: Problems 11, 12 and 13 may also be interpreted as 
solved by vanishing-point method. The ends A and B of the line 
may each be assumed to be the ends of two separate lines perpendicular 
to the PP and which in perspective view would vanish at the centre 
of vision c', i.e. at s. 

These problems may also be termed as cases of parallel pers- 
pective. Horizontal, inclined and vei tical lines are each parallel 


to the PP. In their perspective views they remain respectively hori- 
zontal, inclined and vertical. | 
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Problem 14 (fig. 19-28): 


A rectangle ABCD, 3 cm X 2 ст, has its surface parallel to 
and 1 cm above the ground plane. Its shorler edge AD is inclined 
at 60° io the picture plane which passes through the rectangle so that 
the corner A is 1 cm in front of it. The station point is 6 cm in front 
of the picture plane, 4 cm above the ground plane and lies in a central 
plane which passes through A. Draw the perspective view of the 
rectangle. 





Fic. 19-28 


Draw the line PP and the plan abcd in the given positions. 
: Mark s and join it with the corners a, b, c and d. Obtain the 
vanishing points V, and V,. Through A (the point at which 
PP cuts ad), draw the line of heights AH. Draw the elevation 
of the rectangle. It is the line AB, parallel to and 1 cm 
above GL. Project the line to a point H’ on АН. Draw a 
line through H” and V, and on it, obtain points A’ and D’ as 
shown. Draw lines joining V, with A’ and D’, and on them, 
obtain points BY and С. Join B’ with С. Then A'D'C'D' 
is the perspective view of the rectangle. Note that B’C’, 
if produced, will pass through P}. 


It may also be noted that H’ can be marked directly 
] cm above H. Hence, it is not absolutely essential to draw 
the elevation in this particular case. (A line of heights may 
also be drawn through the point of intersection of ab with 
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PP. In that сазе, H’ will be joined with V, and the point B’ 
obtained on Z'V,.) 


Problem 15 (fig. 19-29): 


Draw the perspective view of a circle of 4 cm diameter, having 
its surface vertical and inclined at 45° to the picture plane. The 
cenlre of the circle is 2:5 cm above the ground plane. The 
positions of the station point and the horizon level are as shown in 
the figure. 
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Draw the plan of the circle. Obtain the vanishing 
point V. Draw the clevation of thc circle (on the right- 
hand side) with its centre 2-5 cm above GL and mark eight 
points on it. Mark these points on the plan also. Draw 
the line of heights АН and on it, project horizontally, the 
eight points from the clevation. Join s with the points 8 
the plan, and join V with the points оп hH. Draw vertic l 
through the points of intersection of sl, 55 etc. with PP, and 
obtain points 1’, 5’ etc. Draw the ellipse through these 
points. It is the perspective view of the circle. Note that 
points 5’, 6’, 7’ and 8’ lic on the diagonals of the perspective 
view of the square in which the circle 1s enclosed. 
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Problem 16 (fig. 19-30): 


Draw the perspective view of a pentagonal prism, lying on the 
ground plane on one of its rectangular faces, the axis being inclined 
at 30° to the picture plane, and a corner of the base touching the 
picture plane. The station point ts 6:5 cm in front of the picture 
plane, and lies in a central plane which bisects the axis. The horizon 
is at the level of the top edge of the prism. 
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Draw the plan and end elevation of the prism. Mark 
s and obtain the two vanishing points V, and V,. The line 
X, through c, is the line of heights for points А, B....E. 
Join s with all the points in the plan. 


3 Eee moron. all the corners in the clevation 

pomis on the ime А and join these points with V.. 
Obtain points A’, B'....E' on these fies. Draw lines 
joining B ‚ С and D' with V, and obtain points В.’ С,” 
and D, on these lines. Complete the perspective view 
as shown . The vanishing point V, is not shown in the 
figure. Hidden edges of the prism are also not shown in the 
perspective view. 3 


N 
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Problem 17 (fig. 19-31): 


Draw the perspective view of the frustum of a hexagonal pyramid 
(top 1-5 cm side, base 2-5 cm side and axis 4 cm long), the plan of 
which is given in the figure, along with the positions of the station 
point and the horizon. 
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Enclose the two hexagons in two rectangles as shown 
in the figure. (They can be enclosed in different ways also.) 
Determine the vanishing points V, and Vj. Draw the 
perspective of the larger rectangle. Note that the corner 
a is projected back on PP. Draw AH the line of heights for 
points ф and q. On this line, mark the length of the axis 
viz. Н. Join Ё' with V, and obtain the perspective of the 
linc pq and the whole (small) rectangle. Mark the corners 
of top of the frustum and complete the perspective view 
as shown. Hidden edges have not been shown. 


The data in the problem on perspective view is generally given 
in the form of a figure showing the plan and elevation of the object 
together with the position of the station point or the observer. 
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In ihe following more advanced problems, the data of each 
problem along with the solution is given in the same figure. , All 
construction lines are shown to make the solutions self-explanatory. 
Hints are given only where deemed necessary. 


Students are advised to copy only the data of each object, draw 
its perspective view and then compare with the given solution. 


Lines of heights are marked with letter X. All dimensions, 
unless otherwise stated, are given in cenlimeires. 


Problem 18 (fig. 19-32): Letter P. 
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Fic. 19-32 
| H 
Perspectives of semi-circles are drawn by enclosing 


the outer semi-circle in a rectangle and then marking points 
at which the diagonals cut the semi-circles. 


Problem 19 (fig. 19-33): Guide-block. 


This is a problem on parallel j 
in n perspective. Те front 
face is in PP and hence, it is seen in its ге shape ind Pes 


It is above the ground plane and, therefore, above GL. 
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Circles appear as circles. Lines perpendicular to PP con- 
verge to the centre of vision с'. 





Fic. 19-33 


Problem 20 (fig. 19-34): Mile-stone. 





Fic. 19-34 
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PP passes through the stone; hence, the perspective 
of the front part will appear bigger. А separate line of 
heights is needed for the front vertical edge. The station 
point and vanishing points are not shown in the figure. HL 
is shown coinciding with PP. 


Problem 21 (fig. 19-35): 


A square prism with a square pyramid placed centrally on 
115 top. 











n 


/N 
NAJA x 
PA. Ee 





Fig. 19-35 


Again a case of parallel perspective, but some portions 
of the solids are in front of PP. The front corners are pro- 


jected back on PP; hence, these portions appear bigger in 
size. 


Two lines of heights have been used for the prism 
(though even one is sufficient). Corners of the base of the 
pyramid are at the mid-points of the sides of top of the 
prism. A separate line of heights is needed for the apex. 
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Problem 22 (fig. 19-36): Window-frame placed in а wall. 
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Two lines of heights — one for the frame and the other 
for the wall — have been used. 


Problem 23 (fig. 19-37): Casting. 
GL has been so placed that HZ coincides. with PP. 
It may be taken lower. A,separate line of heights is required 


for the central rib. 


Problem 24 (fig. 19-38): | 
Hut with a door and a side window. All dimensions are in — 
metres. Take scale 2 cm = 1 m. 
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Note that a corner of the roof is in PP. Four lines of 
heights arc needed. 


Problem 25 (fig. 19-39): Ogee arch in a wall. 
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Fic. 19-39 3 

A number of points are marked on the arch and the 

curves are drawn through the perspectives of these points. 
Problem 26 (fig. 19-40): Model of steps. 


This is also a problem on parallel perspective, but the 
front face is behind PP; hence, that face will be smaller in 


S1ZC. з 
Problem 27 (fig. 19-41): Sivn-post, 


(All dimensions are in decimetres.) ed Е 
Four lines of heights have been used. Vanishing points 


are not shown in the figure. 
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Problem 28 (fig. 19-42): Lamp-post. 


All faces of the lamp casing are of glass (except the bottom). 
Lhe base is cylindrical. 
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The back edges (of the lamp casing) which are visible 
through the glass are shown thinner. 


Problem 29 (fig. 19-43): Steps with guards at sides. 


Two lines of heights are used for convenience. ‘ 
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EXERCISES XIX 


(1) А man stands at a distance of 5 m from a flight of four 
stone steps, having a width of 2 m, tread 0-3 m and rise 0-2 m. 
The flight makes an angle of 45? with the picture plane and touches 
the same at a distance of 2 m to the right of the centre of vision. 
Draw the perspective view of the flight. 


(2) Draw the perspective view of a square amid of base 
10 cm side and height of the apex 12 cm. The че edge of the 
base is parallel to and 3 cm behind the picture plane. The station 
point is situated at a distance of 30 cm from the picture plane, 6 cm 
above the ground plane and 20 cm to the right of the ess 
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(3) Draw the perspective view of the model of steps shown 
in fig. 15-19. The position of the steps relative to the picture 
plane is shown in fig. 19-44. The station point is 200 mm from 
the picture plane. 'Take horizon level to be 100 mm above the 
ground level. 





Fic. 19-44 — Fic. 19-45 


(4) Draw the perspective view of the memorial shown in 
fig. 19-45. The horizon level is 8 m above the ground plane, 
while the observer is stationed at a distance of 12 m from the 
picture plane. (All dimensions are in metres.) 


e 





Fic. 19-46 


(D) Fig. 19-46 shows the plan of a square prism of 4 cm 
thickness with a square pyramid of 6:cm long axis, placed centrally 
on it. The station point is 16 cm from the picture plane and 
10 cm above the ground plane. Draw the perspective view of the 
solids. $ 
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(6) Draw the perspective view of a semi-circular arched 
opening in a wall having the length of 4 m, thickness 0-5 m and 
height 3-5 m. The opening is 1-5 m wide and the springing points 
are at a height of 2 m. The wall makes ап angle of 45° with the 
picture plane. Select a suitable position of the spectator. 





Fic. 19-47 


(7) Draw the perspective view of the box shown in fig. 15-23. 
The plan of the box with the lid 90° open, along with the picture 
plane and the station point is shown in fig. 19-47. Assume horizon 
level to be 200 mm above the ground level. 





Fic. 19-48 


(8) Draw the perspective view of the pedestal for a statue 
(neglecting the sphere) shown in fig. 15-50(4). The edges of the 
base, as shown in fig. 19-48, are equally inclined to the picture 
piene: Assume the horizon plane to be 15 cm above the ground 
plane. 
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(9) Draw the perspective view of the wooden cabinet shown 
in fig. 19-49. The thickness of wood is 2 cm. The cabinet is 
placed with one edge touching the picture plane and 100 cm to 
the left of the centre of vision. The station point is 250 cm away 
from the picture plane and 150 cm above the ground plane. 


—— —]10—————4 


45 





Elevation 


Fic. 19-49 


(10) The casting shown in fig. 15-50(2) is placed behind 
the picture plane as shown in fig. 19-50. Draw its perspective 
view, assuming the horizon plane to be 8 cm above the ground 
plane. 





Fic. 19-50 
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(11) Draw the perspective view of a steel cupboard 1 m 
x 2 m x 0:75 m deep, having four shelves. One shutter is open. 
The front of the cup-board makes an angle of 30° with the picture 
plane, with a vertical edge touching it. Assume suitable position 
of the spectator at a height of 4 m above the ground. 


N 
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(12) Draw the perspective view of the model of a memorial 
shown in fig. 19-51. The station point is 20 cm in ‘front of the 
picture plane and 16 cm above the ground plane. (All dimensions 
are in centimetres.) 
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Note: For conversion of inches into centimetres refer to the table given 
on page 508. | 


(1) А bolt consists of a conical part 2-5" long, 1" diameter 
at the end and increasing to 1:5" at the head. The head is а 
square block 2-5" x 2-5" x 1" thick. Draw an isometric projec- 
tion when the axis of the bolt is vertical, the head being at the 
bottom. (G. U.) 


(2) A person on the top of a tower 80' high, which rises 
from a horizontal plane, observes the angles of depression (below 
the horizon) of two objects H and Ķ on the plane to be 15° and 
25°; the direction of H and К from the tower being due north and 
due west respectively. Draw a plan to a scale of 1" = 100’, show- 
ing the relative positions of the person and the two objects. | 
Measure and state in feet the distance between Hand К. (С. U.) 


(3) The frustum of a cone appears in elevation as a trape- 
zium of 2" and 3" parallel sides, 31" apart. A cylindrical pipe 
joins the frustum and in the end view, the circle representing the 
pipe is found to touch the 2" side and the sides of the frustum. 
Draw the three views of the frustum and portions of the pipe 
joined as stated. (D.T.E.) 


(4) A 60? set-square of 10" longest side is so kept that the 
longest side is on the H.P. making an angle of 30? with xy, and 
the set-square itself inclined at 45° to the Н.Р. Draw the pro- 
jections of the set-square. (P. U.) 


(5) A square duct is in the form of a frustum of a square 
pyramid. The sides of top and bottom are 6" and 4” respectively 
and its length is 6". It is situated in such а way that its axis 1s 
parallel to the H.P. and lies in a plane inclined at 60° to the V.P. 
Draw plan and elevation of the duct, assuming the thickness of 
the duct-sheet to be negligible. (D.T.E.) 

(6) PQ is a diameter of a circle and is 9" long. А piece of 
string is tied tightly round the circumference of the semi-circle 
starting at P and finishing at О. The end Q is then untied and 
the string, always kept taut, is gradually unwound from the circle, 
until it lies along the tangent at P. Draw the curve traced by 


the moving extremity of the string. (G. U.) 
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(7) Two pegs A and B are fixed in each of two adjacent 
side walls of a rectangular room which meet in a corner. Peg 
A is 41' above the floor, 34’ from the side wall and is protruding 
1^ from the wall. Peg B is 6’ above the floor, 3’ from the other 
side wall and is also protruding 1’ from the wall. Find the dis- 
tance between the ends of the pegs. (P. U.) 

(8) A pipe 14” diameter and 4” long (along the axis) is 
welded to the vertical side of a tank. Show the development of 
the pipe, if it makes an angle of 60" with the side to which it is 
welded, the other end of the pipe making an angle of 30° with its 
own axis. Neglect thickness of the pipe. (РӘ?) 


(9) A pentagonal pyramid base 11” edge, axis 3” long, stands 
upon a circular block, 3" diameter and 1" thick, so that their axes 
are in a straight line. Draw plan and elevation of the solids when 
the base of the block is inclined at 30^ to the ground, an edge of 
the base of the pyramid being parallel to the V. P. (G. U.) 


(10) A vertical straight line 4B is at a distance of 31" from 
the centre of a circle of 3" diameter. A straight line PQ passes 
through the centre of the circle and makes an angle of 60° with 
the vertical. Draw circles having their centres on PQ and to touch 
the straight line АВ and the circle. Measure the radius of each 
circle. (D. T. E.) 


(11) Two objects 4 and B, 30' above and 20' below the 
ground level respectively, are observed from the top of a tower 
100’ high from the ground. Both the objects make an angle of 
depression of 45° with the horizon. The horizontal distance 
between 4 and B is 60’. Draw to scale 1" = 20’, the projections 
of the objects and the tower and find (a) the true distance between 
4 and B, and (b) the angle of depression of another object C 
situated on the ground midway between А and В. (P. U.) 
| (12) Draw a semi-circle of 19-5 cm (5" diameter and 
inscribe in it the largest equilateral triangle having a corner at 
the centre. The semi-circle is the development of a cone, and the 
triangle that of a line on its surface. Draw the plan and elevation 
of the cone resting on its base in the H.P., showing the line in 
both views. 

(13) A room measures 25’ long, 15’ wide and 12 high. An 
electric point hangs in the centre of the ceiling and 3’ below it. 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


MISCELLANEOUS EXERCISES 503 


А thin straight wire connects the point to a switch kept in one 
of the corners of the room and 6' above the floor. Draw the ele- 
vation and plan of the wire, and find the length of the wire and 
its slope-angle with the floor. (G. U.) 


(14) An ordinary (single-start) square-threaded screw has 
an outside diameter of 4" and an inside (core) diameter of 3". 
Draw the correct shape of the screw in plan and elevation for a 
length of at least 2" of the screw. (P. U.) 


(15) А cone of 21" diameter and 3” height is resting on the 
H.P. on one of its generators in such a way that, the generator is 
parallel to the V.P. It is cut by a plane parallel to the V.P. and 
inclined at 90° to the H.P. and passing through a point 4%” in 
front of its axis. Draw the sectional elevation and plan of the 
cone. (B. U.) 


(16) A bucket, 30 cm (12") diameter at the top and 22-5 cm 
(9") diameter at the bottom has a circular ring 22:5 cm (9") 
diameter and 5 cm (2") wide attached at the bottom. The 
total height of the bucket is 30 cm (12". Draw plan and ele- 
vation of the bucket when its axis is inclined at 60° to the Н.Р. 
and as a vertical plane makes an angle of 45° with the V.P. 
Assume the thickness of the plate of the bucket to be equal to 
that of your line. 


(17) The vertex-angle of the cone just touching the edges 
of a vertical hexagonal pyramid 5" in height is 45°. Draw the 
projections of the pyramid on a 45^ inclined plane when the former 


is truncated by a plane making 45° with the axis and bisecting the 
axis. (D.T.E.) 


(18) The true section of a vertical square prism cut by an 
inclined plane is a rectangle of 3" x 1%". The plane cuts one of 
the side faces at a height of 13" from the base. Draw three views 
of the cut prism when it rests on the cut face in the H.P. with its 
axis remaining parallel to the V.P. (P. U.) 


(19) A rectangular tank 10’ high is strengthened by four 
stay rods one at each corner, connecting the top corner to а point 
in the bottom 2’ and 34’ from the sides of the tank. Find graphi- 
cally the length of the rod required and the angle it makes with 
the surface of the tank. (D.T.E.) 


e 
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(20) Aknob ofa machine handle consists of 1^ diameter x 6" 
long cylindrical portion and 14” diameter spherical portion. The 
centre of the sphere lies on the axis of the cylindrical portion. 
Draw a plan and elevation if its axis is inclined at 45° to the hori- 
zonal plane. (D.T.E.) 


(21) Fig. M-l gives the elevation of a cylinder having a slot. 
Draw the given view and add an end elevation looking from the 
left. Unit = 2:5 cm (1^). 





(22) A rectangular slot for a cotter is cut in a tapering por- 
tion of a piston rod as shown in fig. M-2. Draw three views of 
the rod, showing the curves of penetration in each view. (P. U.) 


(23) ‘The body diagonal of a cube is 3 inches long. The cube 
has a central 1” square hole. The faces of the hole make 45° 
with the side faces of the cube. Draw the projections of the 
cube when a body diagonal is perpendicular to the H.P. (P. U.) 


(24) The inside of a hopper of a floor mill is to be lined with 
tin sheet. The top and bottom of the hopper are regular penta- 
gons with each side equal to 14’ and 1’ respectively (internally). 
The height of the hopper is 14’. Draw the shape to which the 
tin sheet is to be cut so as to fit in the hopper. (С. U.) 


(25) An equilateral triangular prism, base 5 cm (2") side 
and height 10 cm (4") is standing in the H.P. on its triangular 
face with one of the sides of that face inclined at 90? to the V.P. 
It is cut by an inclined plane in such a way that the true shape 
of the section is a trapezium of 5 cm (2^) and 1-2 cm (2") para- 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 


MISCELLANEOUS EXERCISES - 505 


llel sides. Draw elevation, plan and true shape of the section and 
find the angle which the cutting plane makes with the Н.Р. 

| (26) A. 2" cylindrical pipe branches off at 90* from a 3" 
cylindrical main pipe as shown in fig. M-3. Draw the develop- 
ments of both the pipes at the joint. Assume suitable lengths 


for the main pipe as well as for the branch pipe. (P. U.) 
ELEVATION ENDVIEW 
Fic. M-3 


(27) А cylinder, 10 cm (4^) diameter and 15 cm (6") long, 
has a rectangular slot 5 cm (2^) x 3 cm (1,%") cut through it. 
The axis of the slot bisects the axis of the cylinder at right angles 
and the 5 cm (2^) side of the slot makes an angle of 60° with the 
base of the cylinder. Draw three views of the cylinder. 


(28) А horizontal cylinder, 14" diameter and length 21", is 
placed centrally on the top of a truncated cone, diameter of the 
base 13”, diameter of the top 1" and height 14". Draw a sectional 
elevation of the two solids on a vertical plane, distant $^ from the 


axis of the cone and making 50? with the axis of the cylinder. 
(G.U.) ` 


(29) А cone, base 7-5 cm (3") diameter, axis 10 cm (4^). 
long, has its base in the H.P. A section plane, parallel to one of 
the end generators and perpendicular to the V.P., cuts the cone 
intersecting the axis at a point 7-5 cm (3") from the base. Draw 
the sectional plan and project another plan on a plane parallel 
to the section plane, showing the shape of the section clearly. 


(30) A very thin glass shade for a table lamp is the portion 
of a sphere 5” diameter included between two parallel planes at 5" 
and 21" from the centre, making the height 22". If the axis of the. 
shade is inclined at 30° to the vertical, obtain the projections of 
the shade. (P. U.) 

(31) Six equal spheres rest on the H.P. in contact with 
each other and also with the slanting faces of a regular upright 
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hexagonal pyramid, 1" edge of base and 5" height of axis. Draw 
the projections and find the diameter of the sphere. (D.T.E.) 


(32) A cylinder, 2" diameter and 4" long, and a square 
pyramid, base 2" side and axis 3" long, leaning mid-way between 
the ends of the cylinder are shown in elevation in fig. M-4. Draw 
the plan of the solids and project a second elevation on 1,7). 


(G. U.) 





Ns 


Гіс. M-4 


(33) А solid is made up of a cylinder, 3 cm (1,%;”) diameter 
and 7-5 cm (3") long, which joins another cylinder of 7-5 cm (3") 
diameter and 2-5 cm (1") long, by a fillet of 2-2 cm ($") radius, 
the axes of the two cylinders being in a straight line. Draw the 
plan of a horizontal section of the solid made by a plane parallel 
to and 1:6 cm (£^) above the axis. 


(34) A circular block, 7-5 cm (3") diameter and 2-5 cm (1^) 
thick, is pierced centrally through its flat faces by a square prism, 
base 3:5 cm (1$") side and 12-5 cm (5") long, which comes out 
equally on both sides of the block. Draw plan and elevation of 
the solids when the combined axis is parallel to the H.P. and 


inclined at 30° to the V.P., a face of the prism making an angle 
of 30° with the H.P. 


| (35) А cube of 7:5 cm (3") edge is pierced centrally through 
all its faces by 5 cm (2^) square holes, the sides of which are 
parallel to the edges of the cube. It is resting in the H.P. on one 
of its faces with a vertical face inclined at 30? to the V.P. A 
section plane parallel to the V.P. cuts the cube at a distance of 


0-6 cm (1") from the axis. Draw the sectional elevation and 
plan of the cube. 
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(36) Draw the isometric projection of a 3” hexagonal nut 
and washer (without chamfer of the nut). The washer is to be of 
бї" diameter and 1" thickness. · (G. U.) 


(37) Ina circle of 5 cm (2") radius, draw a square of 3 cm 
(lj&") side symmetrically around its centre. The figure is the 
plan of a sphere completely penetrated by a 7:5 cm (3”) long 
square prism. From this plan, project an elevation on a ground 
line ay parallel to a diagonal of the square. From this 
elevation, project another plan on a ground line making 45? angle 
with the axis of the prism. 


(38) А cone frustum, base 7-5 cm (3") diameter, top 3:5 cm 
(13^) diameter and height 6-5 cm (21^) has a hole of 3 cm (155) 
diameter drilled through it so that the axis of the hole coincides 
with that of the cone. It is resting on its base in the Н.Р. and 
is cut by a section plane perpendicular to the V.P., parallel to 
an end generator and passing through the top end of the axis. 
Draw sectional plan and sectional end view of the frustum. 
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INCHES WITH FRACTIONS OF AN INCH TO CENTIMETRES 


BASIS: 1 INCH= 2:54 CENTIMETRES 








1 1 3 1 | 5 dem 
gee в | ss 
o | ооо | O16 | O32 | O48 | O63 | 0-79 | 095 | ru 
1 2-54 | 2:70 | 286 | 302 | 3-17 | 333 | 349 | 3-65 
2 508 | 524 | 540 | 556 | 571 | 587 | 603 | 619 
з | 762 | 778 | 794 | 810 | 825 | 841 | 857 | 873 
4  |1016 | 10-32 | 10-48 | 10-64 | 10-79 | 1095 | 11-11 | 11-27 
5 | 12-70 | 12-86 | 13.02 | 1348 | 13-93 | 13-49 |18 65 | 13-81 
6 |1524 |1540 |1556 | 15-72 |1587 | 16-03 | 16-19 | 1635 
7 |1778 | 17-94 | 18-10 | 18-26 | 18-41 | 18-57 | 18.73 | 18-89 
8 [20:32 | 20-48 | 20-64 | 20-80 | 20:95 | 21-11 | 21-27 | 21-43 
9 |2286 | 23-02 | 2318 | 23-34 | 23-49 | 23-65 | 23-81 | 23-97 
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—, inscribed 68 


—, projections of 224, 227 
Circumference, length of 64 


Compass 11 
Cone, definition of - 247 
—, development of 304 
—,intersection with cone 433 
—, — — cylinder 429 
—, — — prism 430 
—, projections of 252, 265, 272 
—, sections of 380 
Conics 107 
Construction lines 27 
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Conversion of 





pictorial views 441 
Conversion table 508 
Convolution 138 
Cube, definition of 245 
—, projections of 253, 277 
Cutting planes 356 
Cutting-plane lines 27 
Cycloids 121 
Cylinder, definition of 247 
—, development of 298 
—, intersection with cone 420 
—, cylinder 406 
—, — — prism 416 
—, — — sphere 435 
—, projections of 252, 262 
—, sections of 375 

D 

Dashed lines 26 
Development of surfaces 294 
— — — of cones 304 
— — — — cylinders 298 
— — — — prisms 296 
— — — — pyramids 302 
— — — — spheres 311 
Development, parallel-line 295 
—, radial-line 295 
Diagonal scale 82 
Dimensioning 3l 
Dimension lines 27 
Directing circle, line 121 
Directrix 107 
Distance points 472 
Divider 12 
Division of line 13, 37 
— — circle 7 
Dodecahedron 245 
Dotted lines 26 
Drawing boards 2 
— instruments Е 
— papers | 
Duster 19 
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E : 
Eccentricity of conics 107 
Elevation, auxiliary 229 
—; end 232 
—, front 152 


Ellipse, definition of 107, 111 
—, construction of 107,111 


—, — —, approximate 

method 335 
—,; parallel to ellipse 117 
Epicycloid 125 
Epitrochoids 127 
Equiangular spiral 143 
Eraser, rubber 19 
Evolute 133 
— of cycloid 136 
— — ellipse ORE 
— — epicycloid 137 
— — hyperbola 135 
— — hypocycloid 137 
— — involute 136 
— — parabola 135 
Extension lines 27 

F 

First-angle projection 153, 441 
Foci of ellipse 111 
Focus of conics 107 
Front view 152 


Frustum of cone, pyramid 248 
G 


Generating circle 121 
Generator of cone 248 
Generator-method for 

sections of cone 382 


Gothic letters 31 

Ground line . 155, 459 

— plane 458 

— —, auxiliary 459 
H 

Helical spring 318 

Helix 317 


Helix angle 318 
—, development of 318 
— оп conc 321 
Heptagon, construction of 55 
Hexagon, — — 51599552257 
Hexahedron, definition of 245 
Horizon line 459 
— plane 459 
Horizontal plane 152 
Hyperbola 107, 109 
—, rectangular 120 
Hypocycloid 125 
Hypotrochoids 127 
I 
Icosahedron 246 
Inclination of line 167 
Increasing scale 78 
Index 509 
Inking pen 19 
Instruments, drawing 1 
Intersection of surfaces 400 
—, line of 400 
Involute of circle 130 
Isometric axes, lines, planes 326 
Isometric projection 325 
— —, box method 332 
` — —, offset method 333 
— — of circles 334 
— — — cones 337 
— — — cylinders : 937 
— — — misc. objects 339-351 
— — — prisms 331 
— — — pyramids 332 
— — — quadrants 336 
— — — spheres | 337 
— scale 327 
L 
Lead of screw thread 320 
Lengthening bar 12 
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Lettering 28 
—, gothic 2] 
—, single-stroke 28 
Line of heights 474 
Lines, division of 13, 37 
—, inclination of 167 
—, parallel 8, 10, 36 
—, perpendicular 6, 9, 34, 
—, projections of 163 
—, traces of 185 
—, true length of 180 
—, types of 26 
Loci of points 95 
— — — on simple 
mechanisms 98 
Logarithmic spiral 143 
Lune of a sphere 311 
M 
Major axis 111 
Measuring line 474 
Minor axis i 111 
Miscellaneous exercises 501 
N 
Normal to Arch. spiral 140 
— — conics 110 
— — cycloidal curves 123, 127 
— — ellipse 116 
— — involute 131 
— — log. spiral 145 
| O 
Oblique planes 216, 225 
Octagon 52, 56, 58 
Octahedron 245 
Orthographic projection 
150, 457 
— —, first-angle method 
153, 441 
— —, third-angle | 
method 154, 441 
Outlines of drawing 26 


P 

Parabola, const. of 108, 118 
Parallel perspective 473 
Pencils 17 
Pentagons, const. of 49, 54 
Perpendicular axis 459 
Perspective elements 458 
— projection 457 
—, parallel í 473 
Picture plane 458, 461 
Pitch of helix | 317 
— —screw thread 320 
Plain scales 79 
Plan 152 
Planes, projections of 216 
—, traces of 216 
—, types of 216 
Planes of projection 151 
— — —, auxiliary 229 

— — —, principal or 
reference 152 
Point, projections of 158 
Polygons, const. of 47, 53 
Polyhedron 245 
Principal lines of drawing 26 
Prisms 246 
—, development of 296 
—, intersection with cone 431 
—, — — cylinder 415 
—,—— prism 401 
—, — — sphere 436 
—, projections of 249, 254., 
258, 260, 269 
—,sections of 357 
Projection 150 
—, isometric 325 
—, orthographic 150 
—, perspective 457 
—on aux. planes 229 
Projectors 150 
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Protractor 15 


Pyramids, definition of 246 


—, development of 302 
—, projections of 250, 253, 

256, 263, 273, 275, 276 
—,sections of i 366 


Quadrants for projections 152 
—, isometric projection of 336 


R 
Radial-line development 295 
Radius vector 138 
Rectangular hyperbola 120 
Reducing scale 78 
Reference planes 152 
Representative fraction 78 
S 
Sand-paper block 18 
Scale of chords 91 
Scales, comparative 86 
—, diagonal 82 
—, plain 79 
—, vernier 88 
—, types of 14, 78 
Screw threads $20 
Section, apparent 356 
— lines | 27 
— planes 356 
—, true shape of 357 
Sectional view 356 
Sections of cones 380 
— — cylinder 375 
— — prisms 357 - 
— — pyramids 366 
— — spheres 390 
Set-squares 5 
Single-stroke lettering 28 
Solids, definition of 245 
—of revolution 247 
—, truncated 248 


Spheres, definition of 248 
—, development of 311 
—,in contact 282 
—, intersection with 

cylinder 435 


—, — — prism 436 
—, projections of 280 
—, sections of 390 
Spiral, Archemedian 138 
—; logarithmic 143 
Springs 318 
Squares 46, 57 
Station point 458, 460 
T 
Tangent to Arch. spiral 140 
— —- circles 58 
— — conics 110 
— — cycloidal curves 123 
— — ellipse 116 
— — involute 131 
— — log. spiral 145 
Tetrahedron, definition of 245 
—, projections of 254 
Third-angle projection 154,441 
Traces of lines 185 
— — planes 216 
Trammel 116 


Triangles, equilateral 44, 56 
Trisecting a right angle 38 


Trochoids 123 
T-square 3 
V 
Vanishing point 468 
— — method 468 
Vectorial angle 138 
Vertex of conic 107 
Vertical plane of projection 152 
Visual-ray method 462 
Z 
Zone of sphere — 311 


CC-0. Mumukshu Bhawan Varanasi Collection. Digitized by eGangotri 








- к . 
rini ter mi € —MÓráM MÀ 
& Qo T AE ee a eee P". 


[AS DS 


! emot. 


о ST 


"m 
Pode ооа. „р 
se pres^ 


T» 
4 Е ree 


r; 


ы. 


pr ч ке 
тив? 


БЕНЕН 


y 
- ~ See bios 
d Erene, 


{] ; 2 
ЧОҢ 


sone ay 
TRUCO р ИТ 


„ 
se 


* 


icu 
Fx 
depuis 


x 


qu 
“а 


Sew, giota boo ut 
Ho rs mn 
wc 


x22. 


ji 


Y 
E 


юрты 
p LI 


n 
BUE 
FEES 
e 


zin ) 
w i59, eee i 
ef arnt stat 
tps 


$3311 
ЗН? 


Hu 
*a2* 


a 


= a 
atte 


Tu 


si 


st; 


eae 
» , . i ө S cure el 

E .. & ' ^ i wv dut 
oy DER, 7 4 (ЖЕЛ 


. Tar ll 





